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This  report  deals  \vdth  the  current  and  historical  v/atershed  management 
problems  of  the  Eel  River  Basin,  the  responsibilities  of  state  and  federal 
a(j,encies  with  respect  to  watershed  management^  and  the  v/atershed  inanagement 
needs  in  the  Eel  River  area. 

This  appendix  is  one  of  the  supporting  documents  for  the  report  on  the 
North  Coastal  Area  Investigation,  which  consists  of  the  main  report.  Bulletin 
No.  136,  and  several  separately  bound  appendixes  end   office  reports.  The 
appendixes  are  "A,  V.'atershed  Management  in  the  Eel  River  Basin";  "B,  Recreation"; 
"C,  Fish  and  Wildlife";  and  'E,  Engineering  Geology'.   Office  reports  have 
been  published  in  limited  quantity  on  hydrology,  design  and  cost  estimates,  and 
alternative  plans  for  development.  The  economics  and  land  and  water  use  data 
utilized  in  the  investigation  have  been  published  in  Bulletin  No.  9^-8,  "Land 
and  Water  Use  in  the  Eel  River  Hydrographic  Unit",  and  in  Bulletin  No.  lit-2-1, 
"V/ater  Resources  and  Future  V/ater  Requirements  in  the  North  Coastal  Hydrographic 
Area" . 

These  appendixes,  office  reports,  and  associated  bulletins  contain 
the  data  upon  which  the  conclusions  and  recommendations  in  Bulletin  No.  I36 
were  based.  The  emphasis  in  the  main  bulletin  is  on  concepts,  conclusions, 
and  recommendations  rather  than  on  reporting  of  data. 

This  appendix,  published  in  preliminary  form  in  June  196^4-  and  no\i 
updated  to  include  public  hearing  comments,  was  prepared  in  response  to  Senate 
Concurrent  Resolution  No.  4Y  of  the  I961  State  Legislature.  The  resolution 
requested  that  a  comprehensive  survey  of  the  Eel  River  i/atershed  be  made  in 
relationship  to  the  water,  flood  control,  and  watershed  management  needs  of 
the  eight  member  counties  of  the  Eel  River  Flood  Control  and  V.'ater  Conservation 
Association.  The  first  two  items  --  water  and  flood  control  —  are  reported 
upon  in  considerable  detail  in  Bulletin  No.  136  and  its  supporting  documents. 
V/atershed  management  needs  are  reported  herein. 

Valuable  assistance,  advice,  and  data  in  this  study  were  contributed 
by  agencies  of  the  state  and  federal  governments  and  by  private  organizations 
and  individuals.  This  eager  cooperation  is  gratefully  acloiowledged,  for  with- 
out its  benefit,  the  execution  of  this  work  would  have  been  much  more  difficult. 
Special  mention  is  made  of  the  helpful  cooperation  of  the  following  organizations 
and  individuals:   California  Department  of  Fish  and  Game;  California  Division 
of  Beaches  and  Parks;  California  Division  of  Forestry;  California  Division  of 
Soil  Conservation;  University  of  California;  Humboldt  State  College;  U.  S.  Forest 
Service,  Mendocino  and  Six  Rivers  National  Forests;  U.  S.  Soil  Conservation 
Service;  U.  S.  Geological  Survey;  Pacific  Lumber  Company,  Scotia;  The  Nature 
Conservancy;  the  California  Forest  Protective  Association;  and  Mr.  Heath  Angelo, 
Branscomb. 
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Preliminary  Edition 
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Pursuant  to  the  V/ater  Code  and  Department  of  Water  Resources  policy, 
the  Department  and  the  California  Water  Commission  held  joint  public  hearings 
on  Bulletin  No.  136  and  Appendix  A.  These  meetings  vere  held  in  Willi ts. 
Willows,  Weaverville,  and  Eureka  on  February  3,  k,   9,  and  10,  I965,  respec- 
tively. An  additional  hearing  was   held  in  Weaverville  on  March  15,  I965. 
Only  comments  offered  on  Appendix  A  are  discussed  here. 

At  Willits,  Willows,  and  Weaverville,  representatives  of  the  U.  S. 
Department  of  Agriciilture,  Soil  Conservation  Service,  outlined  plans  for  a 
River  Basin  Study  of  the  Eel  Mver  watershed  under  provisions  of  Section  6  of 
Public  Law  566,  to  be  carried  out  in  cooperation  with  the  U.  S.  Forest  Service 
and  the  Economic  Research  Service.  This  study  i-all  survey  land  erosion  prob- 
lems and  causes,  stream  sediment  loads  and  turbidity,  lajid  conservation  needs 
and  possible  USDA-type  projects  for  the  solution  of  problems  in  land  and  water 
resource  management. 

In  Willits,  Mr.  Lloyd  Bernhardt,  representing  the  U.  S.  Forest 
Service,  discussed  the  role  of  his  agency  in  meeting  the  watershed  manage- 
ment needs  of  the  Eel  River  basin.  Mr.  Bernhardt  urged  the  use  of  small 
headv/ater  dams  for  debris  control  and  meeting  local  water  needs. 

In  V/illows,  Mr.  Le-i>d.s  Reese  of  the  California  Division  of  Forestry 
commented  on  the  relationships  between  reservoirs,  recreation,  fires,  fire 
prevention,  and  watershed  protection.  He  urged  the  judicious  use  of  soil- 
vegetation  maps  in  engineering  studies. 

In  Eureka  Dr.  Peter  E.  Black  suggested  that,  "adverse  effects  re- 
sulting from  land  use  definitely  played  a  role  in  the  recent  floods  and  their 
resultant  daunage,  and  research  is  needed  to  ascertain  the  magnitude  of  this 
effect  and  to  insure  protection  for  future  works  ..."  Dr.  Black  also  chal- 
lenged the  concept  outlined  in  the  appendix  that  on  larger  watersheds,  effects 
of  land  use  became  less  important,  and  stressed  the  havoc  that  even  a  small 
disturbance  can  create  in  upsetting  the  established  regimen  of  a  stream. 

Only  minor  re^Titing  vra.s  necessary  to  prepare  this  bulletin  for 
final  publication. 
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ABSTRACT 

Watershed  management,  as  defined  for  the  purposes  of  this  Eel  River 
study,  is  the  art  and  science  of  managing  the  land,  vegetation,  and  water  re- 
sources of  a  drainage  basin  for  the  control  of  the  quality,  quantity,  and 
timing  of  water,  and  for  the  purposes  of  enhancing  and  preserving  human  welfare. 

The  broad  objective  of  watershed  management  is  to  manage  the  land 
and  water  resources  for  hydrologic  ends  desirable  to  hvunan  welfare.  The  goals 
of  watershed  management  are  attained  through  three  routes:   (l)  the  rehabili- 
tation of  lands  damaged  by  inappropriate  land  use  and  inadequate  former  manage- 
ment, (2)  the  maintenance  of  a  present  level  of  management  at  acceptable  stand- 
ards, and  (3)  the  improvement  of  currently  well-managed  or  natural  lands  for 
even  greater  hydrologic  benefit  of  man.  A  fourth  objective  of  watershed  manage- 
ment, analysis  of  the  present  situation,  can  also  be  mentioned.  This  study  of 
the  Eel  RLver  Basin  falls  under  this  fourth  objective. 

In  the  Eel  River  Basin,  the  specific  objectives  of  watershed  manage- 
ment should  be:   (l)  to  control  the  production  sediment,  (2)  to  make  maximum 
hydrologic  use  of  the  soil  mantle  and  vegetative  cover,  and  (3)  to  yield  the 
maximum  harvest  of  vegetation,  consistent  with  items  1  and  2  above,  in  a 
manner  compatible  with  man's  desires  and  economic  needs. 

A  basic  need  in  watershed  management,  as  pointed  out  in  this  report, 
is  for  an  interested  public  that  is  well  informed  as  to  the  nature  and  occur- 
rence of  erosion  and  sedimentation  and  aware  of  watershed  management  techniques 
and  effects.  To  further  this  end,  educational  activities  directed  toward  the 
public,  in  the  fields  of  resource  conservation  and  use,  should  be  supported 
and  encouraged  by  all  parties  concerned. 

A  specific  watershed  management  need,  of  particular  inrportance  in 
the  Eel  River  watershed,  is  for  detailed  study  of  sedimentation  problems  as 
related  to  water  development. 

This  watershed  management  analysis  of  a  specific  drainage  basin, 
made  concurrently  with  an  overall  water  conservation  development  plan,  is 
a  pioneering  step  in  California.  So  far  as  is  known,  this  approach  has  never 
before  been  attenrpted  in  past  state  water  project  formulation. 
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CHAPTER  I.   INTRODUCTION 

The  present  and  anticipated  future  dynamic  growth  of  the  State 
of  California  has  placed  a  tremendous  demand  upon  our  water  resources  and 
has  presented  those  responsible  for  the  development  of  these  resources  with 
an  unprecedented  challenge. 

California  is  blessed  with  sufficient  natural  water  supplies  to 
meet  present  and  all  probable  future  needs,  provided  these  supplies  are 
prudently  controlled,  conserved,  and  distributed.  In  recognition  of  the 
importance  of  water  to  the  maintenance  of  an  expanding  economy  and  to  the 
health  and  welfare  of  the  citizenry,  provisions  are  being  made  to  meet  this 
unprecedented  challenge  of  developing  the  State's  water  resources.  Federal, 
state,  and  local  levels  of  goverament  are  proceeding  vigorously  toward  fxol- 
fillment  of  this  goal.   In  the  North  Coastal  area  of  California  is  found  a 
large  part  of  the  State's  remaining  surplus  waters,  sufficient  in  quantity 
and  quality  to  meet  its  needs. 

This  chapter  will  briefly  describe  the  North  Coastal  Area  Investi- 
gation and  the  scope  of  this  appendix.  The  geographic  area  covered  by  the 
investigation  includes  all  of  the  area  draining  to  the  coast  north  of  and 
including  the  Russian  River  Basin  and  related  areas  tributary  to  the  possible 
large  storage  reservoirs  on  the  west  side  of  the  Sacramento  Valley.  The 
major  watersheds  involved  are  the  Klamath,  Trinity,  Mad,  Eel,  and  Prussian 
River  Basins. 

North  Coastal  Area  Investigation 

A  primary  mission  of  the  Department  of  Water  Resources  is  the 
implementation  of  the  State  Water  Resources  Development  System.  As  defined 
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in  the  California  Water  Resources  Development  Bond  Act  of  1959^  popularly 
known  as  the  Burns-Porter  Act,  this  system  includes  the  Central  Valley 
Project,  the  State  Water  Facilities  under  construction,  and  the  additional 
facilities  that  may  be  authorized  by  the  Legislature  or  the  Department  of 
Water  Resources  to  augment  water  supplies  in  the  Delta  and  to  meet  local 
needs . 

Need 

In  recognition  of  the  necessity  to  specifically  define  major  multi- 
purpose projects  to  follow  the  Feather  River  Project  (subsequently  designated 
State  Water  Facilities  by  the  Bums-Porter  Act),  and  the  Central  Valley  Project, 
and  to  establish  their  logical  sequence  of  development,  the  department  initiated 
the  North  Coastal  Area  Investigation  in  July  1958 •  The  initial  reconnaissance 
phase  of  the  continuing  investigation  was  completed  with  the  publication  of 
Bulletin  No.  I36  in  September  1964.  As  a  result  of  this  study,  the  Upper  Eel 
River  Development  was  selected  as  the  initial  North  Coastal  unit  of  the  State 
V/ater  Facilities.  The  V/ater  Resources  Development  Bond  Act,  passed  by  the 
Legislature  in  1959^  and  approved  by  the  voters  in  196O,  provided  added  offi- 
cial recognition  of  the  necessity  for  developing  additional  water  supplies; 
and  within  certain  limitations,  the  act  provides  for  the  financing  of  succeed- 
ing additions  to  the  State  Water  Resources  Development  System. 

The  objective  of  the  North  Coastal  Area  Investigation  is  to  formulate 
plans  for  the  optimiim  development  of  the  water  resources  of  the  region,  con- 
sidering all  potential  uses,  including  anticipated  local  and  export  water  supply 
needs;  preservation  and  enhancement  of  fish  and  valdlife  resources;  development 
of  hydroelectric  power  and  water-associated  recreation  potential;  and  protection 
against  floods. 
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Scope 

The  first  phase  of  the  North  Coastal  Area  Investigation  was 
conducted  at  a  reconnaissance  level  of  intensity.  The  scope  of  the  investi- 
gation, as  extended  to  include  related  studies  of  areas  in  the  west  side  of 
the  Sacramento  Valley,  is  comprehensive  with  regard  to  the  mioltipurpose  uses 
of  the  prospective  export  facilities.  These  uses  include  provisions,  where 
indicated,  for  distribution  of  water  supplies  to  local  areas,  control  of 
floods  by  reservoirs,  generation  of  hydroelectric  power,  fisheries  preserva- 
tion and  enhancement,  and  development  of  recreation  potential. 

The  program  for  the  investigation  covered  ».n  aspects  of  development, 
control,  and  conveyance  of  water.  Studies  ranged  from  cursory  examination  of 
alternatives  to  semi-detailed  analysis  of  selected  project  units  ajid  features. 
The  investigation  included  field  work  and  office  studies  within  the  fo3JLowing 
categories:  watershed  management,  hydrology  and  meteorology,  geology,  surveys 
and  topographic  mapping,  land  and  water  use,  water  quality,  economics,  property 
appraisal,  and  fisheries  and  recreation  evaluation.  Operation  studies  to 
determine  conservation  yield,  hydroelectric  power  capability,  flood  control 
potential,  and  other  factors  for  prospective  multipurpose  reservoirs  sind 
export  systems  were  conducted  by  both  conventional  and  electronic  machine 
computing  methods.  The  intensity  of  design  studies  and  cost  estimates  ranged 
from  reconnaissajice  to  reasonably  detailed  ajialysis.  Ba^ed  on  these  studies, 
the  more  favorable  major  projects  were  selected  for  more  intensive  feasibility- 
level  studies. 

Selected  Projects 

The  long-range  development  plans  within  the  North  Coastal  and  West 
Side  Sacramento  Valley  areas  which  are  recommended  in  Bvilletin  No.  I36  for 
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more  intensive  studies  leading  toward  authorization  and  future  construction 
are  listed  below  in  the  order  of  recommended  development  at  this  time. 

Upper  Eel  River  Development 
Trinity  River  Developments 

Trinity  Diversion  Project 

South  Fork  Trinity  Project 

Mad- Van  Duzen  Project 
Greater  Berryessa  Project 
Lower  Eel  fU.ver  Development 
Klamath  River  Projects 

The  Upper  Eel  River  Development,  the  most  favorable  project  recommen- 
ded in  Bulletin  No.  I36,  was  authorized  in  March  1964  as  an  additional  facility 
of  the  State  Water  Resources  Development  System.  Possible  plans  of  the  Upper 
Eel  River  Development  are  shown  on  Plate  Ho.  6  at  the  end  of  this  appendix  and 
are  described  in  some  detail  in  Chapter  II.  It  will  be  noted  that  two  alter- 
native diversion  routes  for  the  Upper  Eel  River  siirplus  waters  are  shown:  the 
Glenn  Reservoir  and  Clear  Lake  diversion  routes.  Final  route  selection  will 
be  made  in  June  19^7. 

Futiire  Study  Program 

With  the  publication  of  Biilletin  No.  136,  the  reconnaissance  investi- 
gation in  the  North  Coastal  area  was  completed.  Since  July  196^,  departmental 
efforts  in  this  area  have  been  confined  primarily  to  two  interrelated  but 
distinct  studies.  These  studies  are: 

1.  An  advance  planning  investigation  of  the  Upper  Eel  River 
Development  as  selected  for  early  state  construction,  and  portions 
of  that  development  identified  for  joint  state-federal  development. 
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The  objective  of  the  advance  planning  investigation  is  the  final 
formulation  of  a  project  or  projects  which  will  meet  the  require- 
ments for  additional  facilities  of  the  State  v;ater  Resources  De- 
velopment System. 

2.  The  second  study  is  a  continuation  of  the  area-wide  investi- 
gation of  the  remainder  of  the  North  Coastal  area.  This  investigation 
is  at  an  intermediate  level  of  intensity  directed  toward  the  more  de- 
tailed identification  of  futvire  projects  within  the  Trinity,  Mad,  Van 
Duzen,  Lower  Eel,  and  Klamath  River  Basins.  The  objective  of  this 
study  is  to  further  define  the  specific  features  of  the  second  and 
later-staged  developments  recommended  in  Bxjlletin  No.  I36,  in  anti- 
cipation of  future  feasibility- level  studies. 

Scope  of  Appendix  A  - 
Watershed  Management  in  the  Eel  River  Basin 

This  study  of  the  watershed  management  needs  within  the  Eel  RLver 

Basin  has  been  prepared  in  compliance  with  the  request  of  Senate  Concurrent 

Resolution  No.  kj   of  the  1961  Legislature  of  the  State  of  California!/  The 

resolution  reads  in  part  as  follows: 

"...  the  State  Department  of  Water  Resources  is  requested  to 
proceed  as  quickly  as  is  feasible  to  make  a  comprehensive  survey 
of  the  Eel  River  Watershed  area  in  relationship  to  the  water, 
flood  control,  and  watershed  management  needs  of  the  eight  counties 
which  are  members  of  the  Eel  Mver  Flood  Control  and  Water  Conser- 
vation Association  ..." 

Since  the  water  and  flood  control  aspects  mentioned  in  this  reso- 
lution were  already  being  studied  in  other  phases  of  the  department's  North 


1/  Calif.  Stats.  I961,  Res.  Ch.  210,  p.  5OO3. 
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Coastal  Area  Investigations,  the  particular  study  as  reported  herein  vas 
initiated  to  satisfy  the  watershed  majiagement  provisions  of  the  resolution. 
In  matching  the  resolution  requests  with  the  department's  available  manpower 
and  time  resources,  it  was  necessary  to  restrict  the  study  program  in  two 
respects.  These  were  to  make  the  study  extensive  rather  thaji  comprehensive 
in  nature  and  to  limit  it  to  the  Eel  River  Basin  proper,  rather  than  the 
siiggested  eight  county  area.  A  watershed  management  analysis  of  a  specific 
drainage  basin,  concurrent  with  aji  overall  water  conservation  development 
plan  is  a  pioneering  step  in  California.  So  far  as  is  known,  this  approach 
has  never  before  been  attempted  in  past  state  water  project  formulation. 
Therefore,  a  good  deal  of  time  was  spent  in  consideration  of  the  meaning  and 
scope  of  "watershed  management,"  in  prudent  anticipation  of  future  depart- 
mental activities  in  this  field. 

What  is  watershed  majiagement?  Inquiry  into  this  simple  question 
showed  that  extensive  meanings  are  applied  to  the  term,  the  exact  import 
depending  almost  entirely  upon  the  "authority"  consiolted.  Variations  in 
tenor  include  regional  and  river  basin  planning,  water  management,  coordinated 
lajid  use  planning,  comprehensive  political  and  human  management,  multiple  use 
management,  soil  and  water  conservation,  coordination  of  land  and  water  uses, 
and  soil  erosion  control.  There  is  no  one  resource  which  is  of  primary  con- 
cern to  all  variations.  Three  resources,  however,  appear  to  be  the  central 
ingredients  of  the  watershed  management  concept.  These  are  the  soil,  the 
water,  and  the  vegetation,  as  they  relate  to  the  people's  needs  ajid  desires. 

As  the  Department  of  Water  Resources  is  concerned  with  the  manage- 
ment of  the  water  and  water-related  resource,  some  phases  of  watershed  manage- 
ment are  of  prime  concern  to  it.  Similarly,  the  dejjartment  can  concern  itself 
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only  vdth  those  features  of  watershed  management  vrtiich  directly  or  indirectly 

affect  the  -imter  and  water-related  resource.  With  these  restrictions  and 

limitations  in  mind,  the  following  definition  of  watershed  management  has 

been  proposed  for  this  Eel  River  study: 

"The  art  and  science  of  managing  the  land,  vegetation,  and 
water  resources  of  a  drainage  basin  for  the  control  of  the 
quality,  quantity,  and  timing  of  water,  and  for  the  purposes  of 
enhemcing  and  preserving  human  welfare.' 

This  definition  is  presented  with  the  full  knowledge  that  individual  workers 
can  find  cause  to  take  exception  to  it.  The  engineering  aspects  of  watershed 
management  are  and  have  been  under  study  by  various  agencies,  including  the 
Department  of  Water  Resources,  and  are  academically  classed  as  water  manage- 
ment. The  remaining  discipline,  i.e.,  combining  Eind  stressing  the  soil  and 
vegetative  influence  upon  water,  is  termed  watershed  management  by  the  land 
management  sciences.  This  report  has  been  written  with  this  latter  concept 
in  mind. 

The  broad  objective  of  watershed  management  then  is  to  msmeige  the 
land  and  water  resources  for  hydrologic  ends  desirable  to  human  welfare.  The 
land  surface  provides  the  means  of  gathering  water  to  a  point  through  drainage 
features.  That  which  happens  to  the  land  affects  the  quantity  of  water 
delivered,  its  timing,  and  its  condition  upon  arrival.  Thus,  the  goals  of 
watershed  management  are  attedned  through  three  routes:   first,  the  rehabili- 
tation of  lands  damaged  by  inappropriate  land  use  and  inadequate  former 
management;  second,  the  maintenance  of  a  present  level  of  managanent  at 
acceptable  standards;  and  third,  the  improvanent  of  currently  well-managed 
or  natural  lands  for  even  greater  hydrologic  benefit  of  man.  These  three 
routes  may  be  considered  as  first  aid,  hygiene,  and  improvement.  The 


first  (first  aid)  is  a  danger  sign,  the  second  (hygiene)  is  acceptable, 
and  the  third  (improvement)  is  a  sign  of  intensive  management,  a  condition 
not  commonly  found  in  the  United  States.  A  fourth  objective  of  watershed 
majiagement  can  also  be  mentioned  —  that  of  analysis  of  the  present  situation  - 
a  planning  objective  under  vhich  this  study  falls. 

In  the  Eel  River  Basin,  the  specific  objectives  of  watershed  manage- 
ment should  be : 

1.  To  control  the  production  of  sediment. 

2.  To  make  maximum  hydrologic  use  of  the  soil  mantle  and 
vegetative  cover. 

3.  To  yield  the  maximum  harvest  of  vegetation,  consistent 
with  Items  1  and  2  above,  ajid  in  a  manner  compatible  with  man's 
desires  and  economic  needs. 

In  accordance  with  these  objectives,  the  investigation  will  attempt 
to  serve  the  following  functions : 

1.  To  explore  the  present  and  past  effects  of  land  use  on 
hydrology  and  the  water-related  resources  in  the  Eel  River  watershed. 

2.  To  postulate  how  these  may  be  altered  in  the  future. 

3.  To  predict  effects  of  land  use  upon  proposed  water  devel- 
opnent  feat\ires  of  The  California  Water  Plan. 

h.     To  summarize  the  programs  and  responsibilities  of  the 
federal  and  state  agencies  most  directly  concerned. 

5.  To  conclude  what  steps  might  be  profitably  taken  to 
accomplish  the  desired  ends. 

In  summary,  watershed  management  simply  concerns  Itself  with  the 
way  in  which  water  comes  off  the  land,  and  the  effect  this  may  have  on  the 


related  resources.   In  man's  attempt  to  control  this  portion  of  the  hydrologic 
cycle,  watershed  majia^eraent  has  evolved  to  fill  the  voids  not  covered  by  other 
sciences,  and  to  tie  tO{-,ether  parts  of  various  disciplines  which  touch  on  this 
subject.  Some  of  these  disciplines  are  engineering,  forestry,  and  the  soil, 
sciences.   It  should  be  evident  that  in  the  history  of  American  resource  devel- 
opment, no  one  profession  or  group  has  been  in  a  position  to  take  such  an  inter- 
disciplinary approach.   Historically,  watershed  management  has  been  of  interest 
to  agricultural  scientists  and  resource  economists,  alternately  scorned  ajid 
accepted  by  engineers,  and  almost  universally  espoused  by  both  technical  and 
lay  conservationists.  The  subject  ha^  engendered  a  great  deal  of  controversy 
and  emotion;  and  only  in  the  past  few  years  has  it  assumed  a  semblance  of  order. 

The  Eel  River  watershed,  3^700  sqxjare  miles  in  area,  lies  in  north- 
western California,  and  is  as  yet  intensively  developed  only  in  spots.  The 
oi>portunity  to  consider  watershed  management  objectives  uniquely  presents 
itself  in  this  drainage.  Future  plans  for  the  development  of  water  for  the 
State  of  California  call  for  the  conservation  of  the  waters  of  the  Eel  River 
Basin  for  local  and  export  purposes.   It  is  only  fitting  and  proper  that  a 
reconnaissance  investigation  of  watershed  management  factors  important  to 
this  development  be  carried  out,  and  it  should  be  expected  in  a  complete 
basin  investigation  of  proposed  water  development. 
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CHAPTER  II.   DESCRIPTION  OF  THE  EEL   RIVER  WATERSHED 

In  the  winter  of  l&k-'^,   Dr.  Josiah  Gregg,  a  Missouri  physician,  led 
a  small  and  poorly  equipped  party  of  adventurers  from  the  Trinity  mining 
country  over  the  Klamath  Mountains  to  the  coast,  south  of  Humboldt  Bay,  and 
eventually  encountered  a  large,  unknown  river.   Because  a  small  group  of 
Indians  were  carrying  away  'eels'  (la-npreys)  that  they  had  caught  in  this 
river,  Gregg  called  it  the  Eel  River.  The  first  stages  of  pioneering 
development  began  a  few  years  later,  and  today,  the  Eel  River  Basin  supports 
a  population  estin^ated  at  40,000. 

This  drainage  lies  in  northvrestern  Calif omis^-' in  parts  of  Humboldt, 
Mendocino,  Lake,  Trinity,  and  Glenn  Counties,  as  shown  on  Plate  1,  "Location 

of  Eel  River  V/atershed."  It  borders  both  Colusa  and  Tehama  Counties  but 

2/ 
does  not  drain  any  part  of  them.  The  basin  is  3^68't-  square  miles  in  arear-', 

and  varies  in  elevation  from  sea  level  at  its  mouth  to  7,58l  feet  at  Solomon 
Peak  in  Trinity  County.  From  its  source  on  the  slopes  of  Bald  Mountain  in 
Mendocino  County,  the  Eel  River  flows  south  through  Lake  Pillsbury,  west  to 
Van  Arsdale  Reservoir,  and  thence  predominantly  northwest  for  about  100  miles 
to  the  Pacific  Ocean,  at  a  point  about  15  miles  south  of  Eureka.  Along  its 
course,  it  intercepts  tributaries  at  irregular  intervals,  the  major  streams 
being  the  Middle,  North,  and  South  Forks  of  the  Eel  River,  and  the  Van  Duzcn 
River,  draining  753^  285,  69O,  and  i+28  square  miles,  respectively. 

The  topography  of  the  Eel  River  watershed  is  docile -appearing  but 
rugged  in  detail.   Due  to  a  complex  geologic  history,  the  basin  is  an  intri- 
cate system  of  ridges  separated  by  drainages,  with  only  occasional  outstanding 


1/  Between  Longitudes  122°  i^O'  and  12l<-°  30'  West,  and  Latitudes  39°  15, 

and  kO°   if 5'  North. 
2/  Areas  obtained  from  data  of  the  Department  of  Water  Resources '  current 
~  Coordinated  State\^d.de  Plemning  Program. 
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peaks.  Vegetation  runs  the  gamut  of  elevational  and  climatic  zones,  all  the 
way  frcxn  dense  redwoods  through  mixed  conifers  and  brush  to  grass,  oak,  and 
sub-alpine  plant  communities.  No  extensive  pajrt  of  the  area  is  homogeneous 
with  respect  to  geology,  soils,  climate,  or  vegetation. 

Development  by  man  has  been  only  si)Otty.  The  few  mountain  valleys 
have  been  utilized  as  farm  and  ranch  land;  timber  has  been  harvested  heavily 
in  some  locations  but  not  at  all  in  others,  and  vast  areas  are  almost  completely 
inaccessible.  Although  rainfall  varies  from  kO   to  II5  inches  per  year  as 
shown  on  Plate  2,    "Distribution  of  Precipitation,  Eel  River  Watershed,"  it  is 
not  uniformly  dispersed  either  in  area  or  in  time,  with  a  resulting  hodge-podge 
of  soils,  vegetation,  and  humaji  settlement.  The  climatic  classifications  within 
the  area  are  shown  on  Plate  3,  "Climatic  Classifications,  Eel  River  Watershed." 
These  are  dealt  with  in  more  detail  in  the  remainder  of  this  section. 

Climate 
The  climate  of  the  Eel  River  Basin  has  been  described  as  Mediterranean 
with  subregional  variations.   It  is  characterized  by  heavy  annual  rainfall 
(UO-II5  inches)  concentrated  in  the  winter  months,  with  hot,  dry  summers. 
There  is  snow  at  the  higher  elevations  on  the  eastern  boundary  of  the  drainage, 
and  although  it  contributes  to  the  spring  streeunflow,  it  is  relatively  insigni- 
ficant in  relation  to  the  total  water  resource.  Individual  factors  such  as 
elevation  and  orientation  exert  a  strong  influence  on  the  climate,  and  corres- 
pondingly on  the  vegetation  and  soils  of  the  basin.  Climatic  classifications 
according  to  Jamesx^  modified  for  purjxsses  of  this  report,  are  described  below. 


3/  James,  John  W.   "Classification  of  Climate  in  California,"  Office  Report, 
State  of  California,  Department  of  Water  Resources,  Meteorologic  Unit. 
33  pp.   (typed)  January  1959. 


-12- 


Mediterranean  Cool  Summer  With  Fog 

This  is  the  veil  known  "fog  belt"  in  which  the  famous  coast  redwoods 
are  found.   The  belt  extends  from  the  mouth  of  the  Eel  River  in  a  band  south- 
ward, varying  in  width,  finally  narrowing  down  and  leaving  the  drainage  west 
of  Willits.  Moderate  and  uniform  temperatures  prevail  in  this  belt.  Average 
annual  temperatures  vary  between  50  to  55  degrees  Fahrenheit;  average  summer 
temperatures  are  less  than  72  degrees  Fahrenheit.   The  heaviest  rainfall  in 
the  watershed  occurs  in  this  belt  at  the  headwaters  of  Bull  Creek,  averaging 
about  115  inches  per  year.   Snow  seldom  occurs  in  this  zone.   Fogs  reduce  the 
incoming  radiation  and  increase  the  precipitation  efficiency  in  this  zone. 
The  normal  rainfall  is  added  to  by  a  phenomenon  known  as  "fog  drip,"  wherein 
fog  particles  condense  on  vegetation,  and  drop  to  the  ground,  adding  to  the 
total  precipitation.  This  effect  is  not  measured  in  precipitation  monitoring 
programs,  and  can  actually,  in  some  cases,  be  quite  a  significant  part  of  the 
total  precipitation  received-V . 

Two  notable  variations  in  this  general  class  of  climate  occur.   The 
first  is  the  "temperate  rainforest"  or  "monsoon"  type—  ,  whereby  rainfall  is  so 
heavy  during  the  winter  months  that  sufficient  moisture  is  maintained  during 
the  summer  to  support  a  "rainforest"  type  of  vegetation.   The  second  is  the 
"light  fog"  belt,  which  established  the  range  of  coast  redwood  up  the  river 
valleys,  but  out  of  the  fog  belt  proper.  Typically,  this  fog  occurs  in  lower 
elevations  on  summer  mornings,  and  is  strongly  influenced  by  northwestern  winds. 
It  is  dissipated  by  incoming  radiation  as  the  day  progresses,  usually  being 


kj   Hopkins,  V/alt.   "Looking  Ahead."  "North  Coast  Water  and  Watersheds." 
Areata  Research  Review.   U.S.  Forest  Service,  Pacific  Southwest  Forest 
and  Range  Experiment  Station,  Berkeley,  California.   13  pp.   (mimeographed) 
February  26,  i960. 

5_/  Not  to  be  confused  or  associated  with  the  Monsoons  characteristic  of  the 
Indian  Ocean. 
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completely  gone  by  noon.  This  Is  shown  on  the  climatic  map  as  synonymous 
with  the  interior  range  of  redwood. 

Mediterranean  Cool  Simmer  Without  Fog 

This  zone  lies  directly  east  of  the  fog  belt,  and  covers  most  of 
the  Eel  River  drainage.  Because  of  the  effect  of  topography  upon  precipi 
tatlon  distribution,  precipitation  varies  from  about  kO   inches  to  80  inches, 
occurring  for  the  most  part  in  the  winter  months.  Altho\igh  most  of  the  area 
receives  some  snow,  it  accumulates  only  at  the  higher  elevations  in  the 
eastern  part  of  the  basin.  Summers  in  this  zone  are  usually  hot  and  dry. 

Mediterranean  Warm  Summer 

This  situation  occurs  in  some  of  the  mountain  valleys,  and  in  an 
oval- shaped  area  around  Alderpoint.  This  climate  is  similar  to  that  found 
over  most  of  the  Sacramento  and  San  Joaquin  Valleys,  but  with  a  greater  amount 
of  winter  precipitation. 

In  siommary,  the  climate  of  the  Eel  River  Basin  is  of  a  Mediterranean 
type,  albeit  with  variations  from  the  monsoon- rainforest -fog  belt  (along  the 
western  boundary)  to  the  hot  dry  sxiramer  conditions  (Round  Valley,  for  example). 
Local  conditions  of  elevation  and  exposiire  have  a  pronounced  influence  on 
local  climate,  and  the  soils  and  vegetation  found  in  the  area. 

Geology 
The  Eel  River  Basin  lies  within  the  Northern  Coast  Ranges  geomorphic 
province  and  comprises  some  of  the  most  inaccessible  and  geologically  least 
explored  regions  of  the  State.  Topographical  1 y  the  province  is  characterized 
by  elongated,  northwest-trending  ridges  and  valleys  which  are  controlled  by 
the  underlying  geologic  structure.  The  drainage  pattern  is  markedly  trellis  — 
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that  is,  the  major  streams  are  parallel  to  the  structuraJL  grain  of  the 
area.  Zones  of  veakness  such  as  faults  or  crush  zones  are  conm»only 
important  factors  in  the  development  of  major  drainage  channels. 

Virtually  the  entire  drainage  basin  is  underlain  by  rocks  of 
the  Franciscan  formation,  with  several  relatively  small  eureas  underlain 
by  upper  Cretaceous  and  Tertiary  sediments,  particularly  in  the  Eel  River 
Valley.  Rocks  assigned  to  the  Franciscan  formation  range  in  age  from 
late  Jurassic  to  late  Cretaceous.  The  formation  is  known  to  be  at  least 
25,000  feet  thick,  although  neither  the  base  nor  the  top  has  been  recognized. 
Structually,  the  Fremciscan  formation  has  an  extremely  disordered  appearance. 
The  rocks  have  been  so  folded,  shattered,  and  sheared  that  nearly  every 
outcrop  presents  some  structural  complexity.  In  auidition,  Franciscan  rock 
lonits  occur  cheiracteristically  in  discontinuous  lens -shaped  bodies  and 
present  at  first  glance  a  nearly  chaotic  mass.  Major  structural  features, 
as  well  as  belts  of  rock  units  or  rock  assembleges,  eire  mappable  and 
locally  may  be  qiiite  continuous.  The   prevalent  orientation  of  Franciscan 
vmits  in  the  Eel  River  Basin  is  roughly  North  30  degrees  West  with  an 
eastward  dip.  The  gross  structvtres  seem  to  consist  of  open  folds  cut  by 
strike-slip  faults  ■triiich  are  nearly  parallel  to  the  fold  axis.  Major  faults 
form  wide  zones  containing  blocks  of  competent  rock  in  a  sheared  ground 
mass. 

The  Franciscan  formation  is  generally  divided  into  three  broad 
belts  —  the  Coastal,  Central,  and  the  Eastern  or  Metamorphosed  belt.  The 
Coststal  belt  is  believed  to  be  the  youngest,  probably  of  Cretaceous  age, 
and  consists  predominantly  of  unmetamorphosed  sedimentary  rock.  Sandstone, 
shale,  and  conglomerate  constitute  about  95  percent  of  the  entire  unit. 
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The  Central  Franciscan  belt  consists  of  a  great  variety  of 
rock  types  in  an  extremely  complex  structvire.   In  addition  to  sandstone, 
shale,  conglomerate,  and  greenstone,  other  rock  types  are  dispersed 
throughout  the  belt.  Chert,  limestone,  glaucophane  schist,  serpentine, 
and  associated  ultrabasic  rock  are  videspresid,  but  constitute  a  small 
portion  of  the  whole. 

The  Metamorphosed,  or  the  Eaistern  belt,  appears  to  contain 
mildly  metamorphosed  equivalents  of  the  Coastal  belt.  Most  common  rock 
types  are  slate,  phyllite,  quartz-mica  schist,  and  foliated  sandstone. 
Igneous  rock  is  generally  scarce  but  may  attain  considerable  importance 
locally. 

The  unsorted  and  angular  nature  of  sedimentary  grains  in  the 
Franciscan  formation  and  the  discontinuity  of  rock  units  indicates 
deposition  in  a  turbulent,  rapidly  sinking  submarine  trough.  Sporadic 
submarine  volcanic  activity  occurred,  as  evidenced  by  widely  distributed 
greenstone  and  chert  lenses  throughout  the  Centred.  Franciscan  belt. 

The  deposition  of  sediments  took  place  in  late  Jurassic  and 
continued  into  the  Cretaceous  period.  Near  the  end  of  the  Cretaceous 
period,  uplift  took  place,  accompanied  by  strong  compressioneuL  forces 
resulting  in  northwest -trending  folds  and  faults.   Uplift  and  erosion 
continued  throughout  Cenozoic  time,  although  there  was  periodic  marine 
encroachment  as  evidenced  by  Tertiary  marine  sediments  in  the  Eureka  and 
Covelo  aresLB,  as  well  as  on  a  lesser  scale  in  several  other  isolated 
localities.  A  very  active  period  of  moimtain  building  took  place  in 
Miocene  time  followed  by  equally  active  uplift  in  the  Pliocene  and 
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Pleistocene.  These  later  uplifts  shaped  the  topography  of  the  beisin  as 
we  see  it  today.  Evidence  of  recent  uplift  can  be  traced  throughout 
the  Northern  Coast  Ranges.  It  is  particularly  apparent  along  the  coast, 
where  marine  terraces  have  been  elevated  hundreds  of  feet  above  sea  level, 
and  along  major  stream  canyons  where  remnants  of  old  terrswes  are  still 
discernible  high  above  the  present  stream  channels. 

Although  the  geologic  history  of  the  Eel  River  surea  is 
imperfectly  known,  and  disputed,  the  following  chronology  can  be  drawn 
based  on  recently  published  references :H/ 
MsBozoic 


Late  Jurassic  to  Late  Cretaceous 
1^0  to  60  million  years  ago 


Cenozoic 


60  million  years  ago  to  present 


1.  Deposition  of  Franciscan  sediments 
in  a  northwest -trending,  rapidly 
sinking  submarine  trough.   The  central 
tectonic ally  active  portion  of  the 
trough  experienced  sporadic  volcanic 
activity  and  intrusion  by  ultrabasic 
igneous  rock. 

2.  By  late  Cretaceous  time,  the  great 
trough  containing  Franciscan  and 
Cretaceous  rocks  was  filled  and  an 
intense  period  of  mountain  building 
took  place.  The  rocks  were  folded, 
faulted,  and  uplifted  above  sea  level. 


The  Cenozoic  history  of  the  Eel  River 
area,  including  the  Miocene,  Pliocene, 
and  Pleistocene  epochs,  is  one  of 
erosion  of  an  emergent  land  mass, 
interr\ipted  locally  by  narrow  marine 
encroachment . 


6/  Partially  excerpted  from:   Rice,  Salem  J.  "Geologic  Sketch  of  the 
Northern  Coast  Ranges."  State  of  California,  Division  of  Mines, 
Mineral  Information  Service,  li|-:l.  January  I96I. 
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Late  Miocene  A  severe  period  of  deformation  eind 

15  million  years  ago  uplift  took  place,  elevating  the 

moimtains  to  nearly  their  present 
form.  The  Eel  River  valley  area  was 
depressed  below  sea  level  and  accu- 
mulated a  thick  section  of  sediments. 

Pliocene  to  Early  Pleistocene       Minor  warping  and  uplift  continued 
13  to  1  million  years  ago  throughout  the  area.  SmsuLl  interior 

"basins  were  formed  by  down-dropping 
of  fault  blocks  and  were  filled  with 
sediments . 

Middle  Pleistocene  Nearly  the  entire  Eel  River  area  was 

Less  than  1  million  years  ago       subjected  to  regional  uplift  as 

evidenced  by  numerous  elevated  terraces 

along  the  coast. 

Present  Continued  erosion  of  the  uplifted 

landmass. 

Landsliding  on  both  a  large  and  small  scale  is  widespread  throi^out 
the  Eel  River  Basin.  The  terrain,  underlain  by  severely  folded,  faulted, 
and  crushed  rock,  is  prone  to  a  distinct  type  of  landsliding  —  the  earth- 
flow.  The  depth  of  an  earthflow  is  generally  quite  shallow  as  compared  to 
its  areal  extent,  and  resistent  knobs  of  inplace  bedrock  commonly  protrude 
through  the  slide  debris.  Continuous  downslope  movement  has  caused  a  greater 
accumulation  of  landslide  materisil  near  the  stream  channels  than  at  ridge- 
tops.  Upon  attainment  of  sufficient  depth  of  debris  a  rotational  slump 
often  occurs,  initiating  more  sliding  from  above.  An  alternate  or  axigmenting 
cause  of  slumping  can  be  bank  cutting  by  hi^  stages  of  rivers,  upsetting 
the  stability  of  the  lower  portion  of  the  potentieil  slide.  Lairge  scale 
sliding  is  well  illustrated  along  the  Eel  River  Canyon,  where  it  is 
characterized  by  nearly  continuous  quasi -stable,  grass -covered  slopes. 

The  total  volume  of  unstable  material  along  the  slopes  of  the 
major  streams  in  the  basin  is  so  great  that  it  constitutes  a  major  hazard 
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to  potential  reservoir  construction.   Large  scale  sliding  could  reduce 
the  storage  capacity  of  several  proposed  reservoirs  by  as  much  as  10  percent. 
In  the  design  of  these  dams,  possibility  of  lemdslides  should  be  taken 
into  account  to  minimize  the  possibility  of  overtopping  by  wave  action. 

This  present  instability  of  slopes  in  the  Eel  River  Basin  is  due 
primarily  to  four  factors:   (l)  the  fractured  nature  of  the  underlying 
Franciscan  rocks,  particularly  shale;  (2)  the  deep  chemical  weathering, 
producing  thick  soils  which  beco-ne  saturated  and  unstable  from  heavy  rains; 
(3)  the  presence  of  major  fault  and  shear  zones  which  commonly  pareillel  the 
stream  canyons;  and  (k)   the  young  nature  of  the  topography,  with  deeply 
incised  canyons  due  to  recent  uplifts,  all  tributeiries  not  yet  being 
"at  grade." 

The  thickest  and  most  extensive  accumulation  of  soil  and  slope 
wash  is  fovind  in  areas  underlain  by  criished,  incomi)etent  material,  such  as 
sheared  shale  or  zones  of  faxxlting  ^ich  can  often  be  traced  for  considerable 
distances  by  topographic  expression  and  charsicterlstic  cover  of  greiss- 
covered  soil.  Near  the  tops  of  the  ridges,  weathering  ha£  progressed  to  a 
considerable  depth  and  thick  deposits  of  residual  soil  are  common.  In 
contrast  to  the  semlstable  side  slopes,  areas  of  residvial  soil  are 
generally  quite  stable  euad  are  covered  by  dense  vegetation. 

The  underlying  consolidated  rocks  of  the  Eel  River  Basin  do  not 
contain  extensive  quantities  of  ground  water.  However,  ground  water  beusins 
in  the  Eel  River  area  eu-e  formed  by  four  alluviated  valleys  --  the  Eel  River 
Valley,  Round  Valley,  Little  Lake  Valley,  and  Laytonville  Valley.   They  are 
controlled  by  faulting  in  the  bedrock,  that  is,  they  are  down-dropped 
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blocks,  or  grabens,  filled  vith  unconsolidated  Recent  alluvium  and  laie 
deposits.  The  surface  evidence  of  favilting  has  been  subsequently  all 
but  destroyed  by  erosion  and  alluviation.  Although  Recent  aJLlxivium  is 
the  most  important  source  of  ground  vater  in  the  Eel  River  Valley,  ground 
water  is  also  obtained  from  older  sediments  of  Tertiary  age  which  generally 
contain  less  productive  aquifers. 

Thus,  in  summary  the  Eel  River  Basin  is  a  complex  system  of 
ridges  and  valleys,  formed  by  prominent  northwest-southeast  orientation 
of  the  geologic  structure.  The  majority  of  the  rocks  are  sedimentaries 
of  the , Franciscan  formation.  Becaiise  of  the  properties  of  these  rocks, 
there  are  very  few  aquifers  of  Importance,  with  the  exception  of  alluviail 
materials  in  the  few  valleys.  Slides  have  developed  on  soils  derived  from 
weathering  of  the  Franciscan  formation,  and  they  comprise  a  distinctive 
portion  of  the  landscape.  Due  to  the  youthful  stage  of  topographic 
development  within  the  Eel  River  Basin,  extensive  eeu"th  movements  will 
continue  to  occur.  The  geology  is  extremely  complex  and  erratic.  Much 
additional  study  remains  before  it  will  be  completely  understood.  However, 
it  is  possible  that  minor  eeurth  movements  confined  to  the  soil  zone  could 
be  retarded  by  proper  watershed  management  techniques. 

A  map  of  the  "General  Geology,  Eel  River  Watershed"  is  shown  in 
Plate  k. 

Soils 

The  water  conservation  characteristics  of  the  soils  of  the  Eel  River 
Basin  are  outstanding  as  compeired  to  many  other  mountainous  areas  of  the  State. 
As  might  be  reasonably  expected,  the  soils  etre  closely  related  to  the  parent 
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geology.   They  axe  generally  of  moderate  depth  and  texture  and  overlie 
shattered  parent  rock.  However,  both  the  soils  and  rocks  demonstrate  good 
infiltration  rates  and  vater-holding  capacities.  The  infiltration  rate  of 
the  soil  and  the  soil  stability  are  particiilarly  enhanced  by  the  vegetative 
cover  that  exists  xinder  the  local  moderate  to  high  rainfall  conditions. 

In  describing  the  soils  of  the  area,  it  must  be  pointed  out  that 
due  to  differences  in  parent  material,  slope  of  the  land,  microclimate, 
and  vegetation,  many  different  soils  exist.  However,  the  Hugo,  Josephine, 
Laughlin,  and  Maymen  Soil  Series  are  by  far  the  most  predominant,  even 
though  these  retrely  occur  in  "large,  imiform  bodies. 

For  the  purposes  of  this  report,  the  Hugo  and  Josephine  Soil  Series 
may  be  considered  identical.  They  are  the  forest  soils  of  the  area,  and  are 
moderately  deep  to  deep,  mediiim  textured,  formed  from  sedimentary  rocks  and 
are  usiially  found  on  moderately  to  steeply  sloping  lands.  The  water-holding 
capacity  of  these  soils  is  mediim  to  high,  with  both  soil  and  parent 
material  usually  having  good  infiltration  characteristics.  Under  native 
conditions  (conifer  covered)  these  soils  aj^  stable. 

The  Laughlin  Series  represents  the  soils  of  the  oeOc-grass  "prairie" 
areas  —  more  or  less  open  areas,  usually  found  on  ridge  tops  or  on  similar 
moderately  sloping  lands.  These  areas  have  soils  that  were  formed  in  place 
on  the  parent  rock  and  should  not  be  confused  with  the  valley  fill  areas 
which  may  also  have  oak-grass  cover.  The  soils  average  about  2k   inches  in 
depth,  ai«  medium  textured,  and  were  formed  from  sedimentary  rocks.  The 
water-holding  capacity  is  mediimi.  However,  due  to  shallower  depths,  the 
total  moisture  retention  is  less  than  that  fovind  in  the  Hugo  or  Josephine 
Series.   Uhder  their  native  grass  and  oak  cover,  these  soils  are  fairly 
stable . 
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The  Maymen  Series  is  the  soil  most  commonly  found  on  the  brush 
lands.  It  is  extremely  shallow,  vas  formed  from  shattered  sedimentary 
rocks,  is  mediian  textured,  and  occvirs  on  steeply  sloping  land.  Tlie  total 
moisture  retention  capacity  of  the  soil  is  low  dxxe  to  the  shallowness. 
However,  the  good  permeability  of  the  underlying  rock  material  results  in 
the  fairly  good  water  conservation  characteristic  of  these  lands.  The  fact 
that  many  plant  roots  axe   found  deep  in  the  shattered  rock  further  attests 
to  the  relatively  good  water-holding  capacity.  Theoretically,  a  soil 
having  only  brxish  as   a  cover  should  be  readily  susceptible  to  erosion. 
This  conclusion  would  be  based  on  the  consideration  of  the  basic  soil 
properties  and  the  fact  that  this  kind  of  vegetation  deposits  a  relatively 
limited  amoimt  of  litter  on  the  soil  surface.  However,  in  this  area  of 
high  reiinfall,  a  condition  heis  developed  that  retards  sheet  erosion.  The 
Maymen  soil  contedns  a  lairge  quantity  of  gravel-size  rock  mater isuL 
throughout  the  profile.  After  a  few  inches  of  svurface  soil  have  been 
eroded,  the  gravel  remains,  resulting  in  an  "erosion  pavement."  This 
svirface  layer  of  gravel  tends  to  stabilize  the  remaining  soil  by  absorbing 
the  energy  of  the  falling  raindrops  and  slowing  down  the  lateral  flow  of 
water.   Uhdoubtedly,  the  vegetative  cover  contributes  to  this  effect  also. 

As  indicated  above,  the  water  conservation  chsu'acteristics  of 
the  soils  and  the  native  soil  stability  are  generally  good  in  this  area. 
However,  this  pictvire  is  often  changed  throti^  man's  use  of  the  land. 
There  is  much  evidence  throughout  the  area  of  soils  which  have  eroded  as 
a  result  of  improperly  constnicted  roads,  lumbering  practices,  and  grazing 
of  the  range.  Iftider  extremes  of  these  uses,   any  and  all  of  the  soils 
found  in  the  area  will  erode. 
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Fire  is  also  a  contributing  factor  to  the  occurrence  of  soil 
erosion.  The  destruction  of  protective  vegetation  and  litter  aM  the 
degradation  of  the  soil  structiore  decreases  the  infiltration  rate,  vith 
corresponding  sheet  erosion  of  varying  severity.  As  in  all  causes  of 
sheet  erosion,  the  severity  is  a  function  of  many  variables,  such  as  the 
slope  of  the  lands,  the  soil  structure  and  texture,  the  intensity  of  the 
rainfall,  vegetative  cover,  etc.. 

A  genereuL  rating  of  the  soils  as  to  relative  erodibility  under 
circumsteuaces  of  use  would  be  of  limited  usefulness  in  planning  for  a 
specific  use  in  a  particular  area.  A  rating  would  be  useful  when  planning 
a  controlled  bum  for  the  improvement  of  the  range.  In  such  ceuses,  a 
deteiiled  study  of  the  area  concerned  should  be  made.  General  descriptive 
ratings  for  most  of  the  soils  in  the  Eel  River  Basin  are  available  in 
the  published  results  of  the  soil-vegetation  survey.  Ratings  vary  from 
"slight"  to  "high." 

The  Hugo,  Josephine,  Laughlin,  and  Maymen  Soil  Series  have  been 
pointed  out  as   being  those  most  commonly  found  in  the  area.   Of  the  many 
Soil  Series  less  frequently  encountered,  the  Yorkville  has  a  particxilar 
characteristic  that  makes  its  inclusion  in  a  discussion  of  this  nature 
important.   This  characteristic  is  its  inherent  lack  of  stability  even 
under  native  conditions.  With  respect  to  native  cover  and  relief,  the 
Yorkville  is  similar  to  the  Lau^lin  Soil,  that  is,  it  commonly  has  grass 
or  oak-grass  cover  and  is  found  on  moderately  sloping  land.   It  differs 
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in  that  it  has  a  veil  developed  claypan  and  was  developed  from  relatively 
impermeable  igneous  rock.  Having  a  good  infiltration  rate,  it  absorbs 
water  fairly  rapidly.  However,  the  presence  of  the  claypan  impedes  the 
downward  movement  of  water  caiising  the  profile  to  become  saturated.  When 
this  occurs,  the  result  is  quite  commonly  a  localized  landslide.  Areas 
of  this  soil  are  quite  easily  recognized  by  the  characteristically 
irregiilar  land  surface.  The  sod  developed  by  the  heavy  growth  of  native 
grasses  tends  to  hold  the  surface  of  the  transported  soil  mass  sufficiently 
intact  minimizing  sheet  and  gully  erosion. 

The  Atwell  Series  is  similar  to  the  Yorkville,  differing  in 
dominant  vegetation  (timber)  and  site  (lower  slopes  of  canyons).   It,  too, 
has  a  tendency  to  slide,  is  formed  on  sedimentary  rocks,  and  has  a  high 
water-holding  capacity. 

In  aj^as  where  a  stream  passes  through  a  body  of  Yorkville  soil, 
many  slides  move  directly  into  the  stream.  Conceivably  this  soil  could  be 
one  of  the  largest  contributors  to  the  sediments  carried  by  the  Eel  River. 
In  a  cursory  examination  of  soil  maps-L/  covering  the  route  of  the  Van 
Duzen  River,  it  was  found  that  of  11  separate  bodies  of  severely  eroded 
land  immediately  adjacent  to  the  stream,  seven  were  of  Yorkville  soil. 
Three  of  the  remaining  were  classified  as  collxivial  slide  areas,  and  one 
was  a  body  of  Hugo  soil. 


lJ   "Soil-Vegetation  Survey"  soil  maps  prepared  by  the  Pacific  Southwest 
Forest  and  Range  Experiment  Station  in  cooperation  with  the  California 
Division  of  Forestry,  the  University  of  California,  and  the  California 
Region  of  the  United  States  Forest  Service.  These  soil  maps  cover  all 
of  the  area  with  the  exception  of  the  Trinity  County  portion  and  the 
National  Forest  area  in  Nfendocino  County.   No  soils  data  were  found  for 
these  excluded  areeis. 
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To  summarize,  the  surface  soils  of  the  Eel  River  drainage  basin 
are  fairly  stable  (vlth  some  exceptions)  and  genereilly  have  good  water 
conservation  characteristics.  As  is  the  case  almost  universally,  if  the 
lands  are  subjected  to  heirsh  management  or  burned,  the  soils  vill  erode. 
The  Yorkville  and  Atwell  Soil  Series,  although  not  of  significance  area 
wise,  present  watershed  meinagement  problems  due  to  their  inherent 
susceptibility  to  mass  erosion  through  landslides. 

Vegetation 

In  response  to  intrinsic  climatic  and  edaphic  conditions,  vegetation 
assumes  a  variety  of  forms  in  the  Eel  River  Basin.  Aimost  all  extremes  are 
found,  from  the  majestic  and  lush  coast  redwood  forests  to  the  dry,  desolate 
chaparral  stretches  in  the  southern  extremes  of  the  drainage. 

Inspection  of  the  vegetative  cover  map,  Plate  5,  "Distribution  of 
Vegetation,  Eel  River  Watershed,"  shows  four  main  rough  belts  of  vegetation 
running  in  a  northwest-southeeist  direction.  The  first  is  the  redwood  belt 
in  the  western  and  wetter  eireas.  Following  this  are  the  Douglas  fir, 
woodland -grass,  and  mixed  conifer  belts.  Thus,  the  ocean  side  and  eastern 
mountain  divide  are  forest,  but  the  central  part  is  mainly  grass,  woodland, 
and  brush.  These,  of  course,  are  broad  classifications  and  general  state- 
ments, but  "Qiis   effect  is  noticeable  to  the  areal  observer. 

Each  vegetative  type,  according  to  the  U.  S.  Forest  ServiceH/  is 
discussed  in  appropriate  detail  in  the  following: 
Redwood  Type 

This  vegetative  type  has  been  described  as  "forests  in  which  20 
percent  or  more  of  the  stand  is  redwood  (Sequoia  sempervlrens)."  In  the 


8/  U.  S.  Forest  Service.   "Map  of  Vegetative  Types  of  California."  California 
Forest  and  Range  Experiment  Station,  Berkeley,  California.  Januaiy  19'*-5- 

U.  S.  Forest  Service.   "Forest  Statistics  for  California."  Forest  Survey 
Release  No.  25,  California  Forest  eind  Range  Experiment  Station,  Berkeley, 


Eel  River  Basin,  it  occupies  about  325,000  acres,  or  13.7  percent  of  the 
total  land  area.   Perhaps  no  one  species  of  vascxilar  vegetation  has  received 
so  much  reverence,  publicity,  and  research  as  the  Cailifomia  Coast  Redwood, 
with  the  possible  exception  of  the  Bigtree  or  Giant  Sequoia  ( Sequoia  gigantea). 
As  Ein  individual  tree,  it  exhibits  a  series  of  properties  which  makes  it 
valuable  as  a  lumber  resource  and  as  a  recreational  attraction.   Redwood 
land  is  in  demand  by  the  recreationist,  who  seeks  the  coolness  and  contempla- 
tion of  its  groves;  by  the  lumberman  for  its  cellulose  production  potential 
and  its  high  quality  wood,  and  by  the  scientist,  who  wishes  to  study  the 
uniqueness  of  these  great  trees. 

Virgin  redwood  timber  occasionally  is  found  in  heights  exceeding 
300  feet,  and  is  known  to  occur  in  volumes  approaching  one  million  board-feet 
per  acre.   Such  stands  generally  range  in  age  from  500  to  8OO  years  with 
occasional  individual  trees  exceeding  1,500  years.   Upon  cutting,  redwood 
can  sprout,  forming  a  series  of  young  trees  growing  from  the  stump  of  the 
old  tree,  and  accumulating  a  large  volume  in  a  short  time.   Its  wood  is 
resistant  in  different  degrees  to  fire,  insects,  and  rot,  and  is  used  to  a 
large  extent  for  siding,  fencing,  and  other  outdoor  applications. 

Recent  research  in  redwood  ecology,  being  carried  on  by  the 

9/ 
University  of  California-'  presents  some  evidence  that  the  classic  bottomland 

redwood  groves  have  historically  been  subjected  to  periodic  flooding  and 

inundation  by  sediment.  According  to  tree-ring  studies,  each  inundation 

was  followed  by  a  spurt  of  tree  growths,  tapering  off  to  the  next  flood. 

The  buried  soil  profiles  representing  these  floods  have  been  found  to 


9/  Anonymous.   "Redwood  Ecology  Project,  Annual  Report,  i960."  Wildland 
Research  Center,  University  of  California  and  State  of  California, 
Division  of  Beaches  and  Parks,  Department  of  Natural  Resources.  hO   pp. 
and  appendix.  I96O. 
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contain  bits  of  charcoal,  suggesting  that  both  fires  and  floods  have  been 
a  naturaJ.  occurrence  in  the  redwood  region  for  the  past  millenium  or  so, 
and  that  these  floods  were  beneficial  to  the  sequoias. 

It  is  the  size  and  great  natural  beauty  of  the  redwood  trees  in 
place,  however,  •vrf:iich  has  drawn  world-wide  attention  (see  Photo  3)-  Early- 
explorer's  tales  were  discounted  as  spectacular  exaggerations,  but  even 
modern  men  respect  the  enormous  size  and  cathedretL-like  atmosphere  of  the 
bottomland  virgin  groves.  These  trees  are  the  Eel  River  Basin's  most  well 
known  resource;  as  a  recreational  asset  their  value  cannot  readily  be 
determined  by  conventional  means.   The  public  desire  that  outstanding 
redwood  groves  be  preserved  for  recreation  and  as  "museum  pieces"  has  been 
demonstrated  by  the  many  privately  purchased  tracts  placed  under  State 
management . 

Thus,  the  redwood  type,  although  it  contains  a  nvmber  of  other 
species  (Douglas  Fir,  western  redcedar,  madrone )  is  quite  valuable  from  the 
standpoint  of  both  timber  production  and  recreation.   It  is  a  unique  resoiirce, 
and  should  be  managed  with  the  utmost  care,  to  assure  its  permanence  and 
continuous  benefit  to  man. 

Douglas  Fir  Type 

This  vegetative  type  has  been  defined  as  "areas  with  Douglas  fir 
comprising  more  than  80  percent  of  the  commercial  conifer  cover;  or  mixtures 
of  Douglas  fir  and  the  true  firs  in  which  Douglas  fir  comprises  20  percent 
or  more  of  the  commercial  conifer  cover."  The  Douglas  fir  forest  is  found 
directly  to  the  east  of  the  redwood  forest,  and  at  medium  elevations, 
reflecting  a  zone  of  somewhat  lower  rainfall  and  little  or  no  fog.   In  the 
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Division  of  Beaches  and  Parks  Photograph 
3.  Interior  of  a  coast  redwood  grove  on  river  hottomland,  Humboldt  Co\anty. 
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Eel  River  Basin,  it  comprises  520,000  acres,  or  22.1  percent  of  the  total 

lauid  area.   In  peist  years,  this  vas  considered  ein  inferior  forest  type, 

but  recently  it  has  been  utilized  heavily  -v^ere  accessible.  The  Douglas 

fir  forest  attains  its  best  development  in  California  from  Mendocino 

Coianty  northward,  especially  on  north  and  east  slopes,  where  it  sennet Imes 

forms  dense  pure  standsiS/ . 

Portions  of  the  Doioglsis  fir  forests  of  this  area  £U*e  sometimes 

included  with  redwood  in  different  classifications.   In  combination,  they 

represent  the  largest  portion  of  timber  growth  potenticLl  in  the  basin. 

The  following  statement  has  been  made  concerning  the  ability  of  this  mixture 

to  produce  timber: 

"Its  capacity  for  growing  wood  sets  the  redwood -Douglas  fir 
region  apart  from  others.  The  forests  of  this  region  are  among  the 
fastest  growing  in  the  world.  On  the  more  favorable  sites  both  red- 
wood and  its  associated  species  grow  remarkably  fast.  High  sites  in 
the  redwood  type   will  grow  a  minimum  of  600  board  tee'c   per  acre  per 
year,  and  the  better  sites  which  are  well  stocked  with  young  timber 
will  produce  more  .than  1,000  board  feet  per  year. . . ."ii/ 

Pine -Fir -Do\:igleis  Fir  (Mixed  Conifers)  Type 

This  vegetative  type  is  defined  as  "areas  with  mixtures  of  the 

commercial  pines  and/or  Douglas  fir.  Incense  cedar,  and  the  true  firs  in 

which  no  one  species  comprises  as  much  as  80  percent  of  the  commercial 

conifer  cover."  This  group  covers  about  505^000  acres,  or  21.4  percent, 

of  the  Eel  River  Basin.   It  is  scattered  through  the  center  of  the  basin 

and  concentrated  along  the  eastern  boundary,  typifying  National  Forest 


10/  Burcham,  L.  T.  "California  Range  Land."  State  of  California,  Division 
of  Forestry,  Department  of  Natural  Resources.  26l  pp.  1957- 

11/  Roy,  D.  F.  "Forest  Management  Research  in  the  Redwood-Douglas -fir 

Region  of  California  --  A  Summary  of  Forester's  Views  on  Research  Needs. 
Mlscellaneoiis  Paper  No.  2k,   California  Forest  and  Range  Experiment 
Station,  U.  S.  Forest  Service,  Berkeley.   1?  pp.   1958. 
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tiraberland.  Ab  implied  by  its  name,  it  is  a  mixture  of  different  conifers, 
naturally  succeeding  itself  unless  disturbed  wholesale  by  a  disaster.  A 
good  part  of  this  type  constitutes  commercial  forest,  and  is  presently 
imdergoing  initial  harvest  as  such. 

Pine  Type 

This  vegetative  type  is  defined  as  "areas  with  ponderosa,  Jeffrey, 
or  sugar  pines  comprising  more  than  8o  percent  of  the  commercial  conifer 
cover."  It  constitutes  about  32,000  acres,  or  1.3  percent,  of  the  area  in 
scattered  tracts  in  the  Eel  River  Basin.  This,  too,  is  a  commercial  forest 
type,  although  due  to  its  magnitude  of  lesser  importance  in  the  study  area. 
Fir  Type 

The  fir  type  is  described  as  "areas  with  true  firs  comprising 
more  than  80  percent  of  the  commercial  conifer  cover."  This  type  occupies 
only  26,000  acres,  or  1.1  percent,  of  the  land  area  in  the  Eel  River  Basin. 
It  is  found  only  at  the  higher  elevations  on  the  eastern  botmdary,  and  it 
is  of  relatively  minor  importance. 

Minor  Conifer  Type 

Only  one  area  of  this  type,  comprising  about  21,000  acres  (0.9 
percent),  is  found  in  the  Eel  River  Basin.   It  is  located  in  the  southern 
peirt  of  the  drainage  on  the  slopes  of  Elk  Creek,  tributary  to  the  Middle 
Fork  Eel  River.  This  cover  is  mainly  Sargent  Cypress  (Cupressus  Sargentii) 
and  is  worthy  of  mention  only  in  passing. 

Woodland  and  Woodland-Grass  Type 

These  two  plant  communities  are  dealt  with  in  one  discussion 
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because  of  their  similarities.  They  are  alike  in  that  the  dominant 

vegetative  featiire  is  hardwood  trees  (oak,  madrone,  tanoak,  maple,  etc.)> 

and  are  only  different  in  the  composition  of  secondary  vegetation.  These 

distinctions^^/  are  in  fact,  not  made  by  some  workers,  the  woodland -grass 

component  being  divided  into  woodland  and  grass.   In  many  areas,  they  are 

contiguous,  but  are  not  necessarily  so.  Typical  species  are  Oregon  oak, 

California  black  oak,  tanoak,  madrone,  maple,  Oregon  ash,  and  alder. 

Secondary  vegetation  can  include  herbaceous  vegetation,  including  grasses, 

and  some  conifers.  These  two  vegetative  groups  together  form  a  discontinuous 

belt  up  the  central  axis  of  the  drainage.   It  provides  range  fora^  second 

in  unit  amounts  only  to  the  pure  grassland  type,  and  occurs  in  almost  all 

situations  except  in  direct  mixture  with  redwoods. 

In  the  Eel  River  Basin,  its  areas  are  as  follows: 

Area 
(Square  Miles) 

Woodland  139-3 

Woodland-grass  78^.^ 

Total  92^.7  25.1 

ChaparraJ.  Type 

Defined  simply  as  "areas  with  such  shrubs  as  manzanitas,  scrub 

oaks,  and  chamise  covering  more  than  50  percent  of  the  groimd,"  this  plant 

community  is  often  found  in  Mediterranean  type  climates  on  dryer  sites  in 

foothill  and  mountain  regions.   Its  dominant  constituents  are  evergreen  and 

extensively  branched  shrubs  in  great  variety. 


Percent 

of 

TotaJ  land 

Area 

3.8 

21.3 

12/  U.  S.  Forest  Service.  "Forest  Statistics  for  California."  Forest 

Survey  Release  No.  25,  California  Forest  and  Range  Experiment  Station, 
Berkeley,  California.  63  pp.  195^ • 
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In  the  Eel  River  Basin,  it  covers  175^000  acres,  or  7»5  percent 
of  the  total  land  area,  predominantly  in  the  southeastern  parts  of  the 
drainage.  This  is  the  northernmost  outpost  of  chapsirral  in  the  Coast  Range. 
It  is  much  more  widespread  and  of  much  greater  importance  in  the  Southern 
Coeist  Range  and  the  Transverse  Range  in  Southern  California,  where  it  is  of 
great  value  as  an  erosion  retarding  watershed  cover. 

Depending,  of  course,  upon  the  exact  botanical  composition  of  an 
individual  plant  commxanity,  chaparrel  tends  to  replace  itself  after  a  fire. 
Individual  species  -vdiich  comprise  the  association  are  either  heavy  and 
prolific  seeders,  or  vigorous  sprouters,  or  both. 

Although  some  controversy  exists  over  the  causes  of  chaparral 
occurrence,  many  contend  it  is  a  completely  natural  effect,  and  is  nothing 
more  than  a  vegetative  reflection  of  the  site.   Chaparral  has  been  pointed 
out  by  some  as  being  the  resvilt  of  past  fire,  implying  that  without  this 
occurrence,  it  would  not  exist.  However,  the  presence  of  chaparral  has  been 
documented  from  the  earliest  records  of  exploration  in  California,  even 
thoxogh  certain  of  the  chaparral  species  are  recognized  as  pioneer  or 
secondary  vegetation  under  different  conditions. 

Chaparral  lands  are  usually  of  low  agricultural  vsilvie.   In 
utilizing  them,  a  unit  of  chaparral  will  produce  roughly  only  about  a  tenth 
the  range  forage  of  a  comparable  unit  of  grassland.  Wildlife,  however, 
makes  some  use  of  it,  again  depending  upon  the  exact  composition  and  condition 
of  the  community. 
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As  mentioned  by  Burcham,i^  chaparral  mixes  somewhat  vith  conifero'is 
forests  and  oak  woodlands,  and  is  more  prevalent  than  usually  shown  on  cover 
maps.  Thus,  it  can  be  found  to  some  extent  in  almost  eill  area^  of  the  Eel 
River  Basin,  even  in  the  redwood  belt. 

Grass  Type 

Extensive  but  discontinuous  areas  of  grassland  exist  in  the  Eel 
River  Basin.  This  has  been  described  by  Bvurchami^  sis  the  "north  coastal 
prairie,"  and  it  imdoubtedly  contains  some  range  lands  which  have  been  con- 
verted to  grass  from  brush  or  timber.  To  a  visitor  unfamiliar  with  the  North 
Coastal  area,  the  grass  appears  to  be  an  anomoly,  as  it  occurs  sprinkled 
through  areas  where  one  might  otherwise  expect  timber.   It  is  found  in  aregis 
having  rainfall  up  to  3-15  inches  (annually),  sis  seen  on  the  Honeydew  Road  at 
the  Bull   Creek  crest  in  Humboldt  Covinty.  These  prairies  are  found  on  "true 
grassland  soils,  closely  related  to,  or  identical  with,  the  Great  Soil  Group 
known  as  Prairie  Soils  ....  They  are  stable  grsissland  communities  .  .  . 
which  have  been  maintained  imder  natural  conditions  for  a  very  long  time. "±3/ 
The  greusslands  are  found  on  ridge  tops,  on  remnants  of  the  Klamath  i)eneplane, 
on  landslide  debris  topography,  on  stable  side  slopes,  and  occasionaU-y  in 
bottoms . 

The  Gregg  party  in  l8^9-50  found  them  an   oasis  in  the  timber,  as 
they  were  a  source  of  forage  and  game  in  a  seemingly  sterile  forest.  L.  K. 
Wood,  a  member  of  the  party,  commented  on  them  &s   follows,  a  number  of 
years  later: 


13/  Bxorcham,  L.  T.  "California  Range  Land."  State  of  California,  Division 
of  Forestry,  Department  of  Natural  Resources.  26l  pp.  1957* 
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"Again  we  had  the  good  fortune  to  reach  a  piece  of  mountain 
prairie,  where  we  found  an  abundance  of  game  for  ourselves,  and 
plenty  of  grass  for  our  ajaimals .  "^V 

At  this  point  in  their  journey,  they  were  in  the  Klamath  River 
drainage,  but  the  remarks  are  representative  of  their  attitudes  towards 
the  greisslands  throughout  the  entire  trip,  which  eventually  followed  the 
South  Fork  Eel  River  to  near  its  source. 

Numerous  changes  in  density  and  conqjosition  caused  by  use  and  the 
introduction  of  exotic  anntials  have  altered  the  jjotentiaj.  of  the  origineil 
grasslands  considerably,  the  precise  changes  not  being  known. 

Throughout  the  Eel  River  Basin,  pure  grasslands  cover  about  72,000 
acres,  or  3.0  percent  of  the  toteuL  land,  constituting  a  range  resource  of 
considerable  magnitude.  Because  of  the  nature  of  the  data  from  -v^ich  the 
vegetative  areas  are  derived,  much  grasslands  in  small  parcels  are  found 
interspersed  with  timber  types  and  therefore  not  included  in  the  greusslands 
aresLL  estimate. 

The  areal  distribution  of  vegetative  types  in  the  Eel  River  Basin 
is  presented  in  Table  1  (page  35 )• 

Hydrology 

In  connection  with  water  project  planning  activities  under  the 
department's  North  Coastal  Area  Investigation,  the  hydrology  of  the  Eel 
River  and  the  North  Coastal  streams  has  been  studied  in  some  detail. 

Precipitation  in  the  Eel  River  Basin  averages  about  60  inches 
annuaJ-ly,  most  of  which  is  in  the  form  of  low  intensity  winter  and  spring 
redns.  Although  there  is  snow  along  the  eastern  divide,  it  is  of  small 
consequence  in  relation  to  the  total  water  resource.  Precipitation  is 


14/  Anonymous.   "History  of  Humboldt  County,  California,  with  Ill\istrations . " 
W.  Elliott  &  Company,  San  Francisco.  2l8  pp.  l88l. 


TABLE  1 


AREAL  DISTRIBUTION  OF  VEGETATIVE 
TYPES  IN  THE  EEL  RIVER  BASIN 


:       Area       :   Percent  of 
Type ;    (sqviare  miles)   :   total  area 

Redwood 

Doxiglas  fir 

Pine -fir -Douglas  fir   (mixed  conifers)     788. 0 

Pine 

Fir 

Subtotal 
Minor  conifer 
Woodland 
Chaparral 
Coastal  sage 

Subtotal 
Woodland-grass 
Grass 


505.1 

13.7 

813.  i^ 

22.1 

788.0 

21. U 

49.^ 

1.3 

U0.9 

1.1 

2196.8 

59.6 

32.0 

0.9 

139.3 

3.8 

271^.9 

7.5 

22.8 

0.6 

i^69,o 

12.8 

785  A 

21.3 

112.0 

3.0 

Subtotal  897. U  24.3 

Urban  -  cultivated  120.8  3-3 


Subtotal  120.8  3.3 

TOTAL  368U.O  100.0 


Source:   Planimetered  areas  from  Weislander's  Vegetative  Map. 

U.  S.  Forest  Service.   "Map  of  Vegetative  Types  of  California,' 
California  Forest  and  Range  Experiment  Station,  Berkeley, 
California.  January  19^5- 
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not  xmiformly  distributed  either  in  time  or  in  place,  exhibiting  considerable 
variation  from  year  to  year  and  from  place  to  place.  For  example,  historical 
qnmifll  precipitation  at  Willits  has  varied  from  l8.55  to  97'l6  inches;  at 
Branscomb  from  46.12  to  132.62  inches;  and  38.67  to  135-02  inches  at 
Laytonville.  Typically,  the  first  seasonal,  rains  begin  in  late  September 
or  October,  a  maximum  occiirs  from  December  to  February,  and  the  last  rains 
fail  in  late  May  or  early  J\me.     Rainfall  in  late  June,  July,  August,  or 
early  September  is  rare  euid  of  small  consequence. 

Runoff  from  the  Eel  River  Basin  approximates  an  average  of  31  inches 
annually, 'or  roughly  6,300,000  acre -feet.  Because  of  the  relative  lack  of 
snow  and  of  natural  storage,  streamflow  is  highly  responsive  to  rainfall. 
The  rvinoff  pattern,  therefore,  corresponds  to  the  rainfall  pattern,  and 
there  are  two  distinct  hydrologic  seasons  —  a  wet  season  and  a  dry  seeison. 
The  wet,  or  flood  season,  begins  with  the  first  major  fall  rains  and 
continues  through  to  late  May  or  early  J\me.  The  dry  season  extends  through 
the  interim.  Many  streams  which  flow  continuovisly  throxjgh  the  winter  dry 
up  almost  completely  during  the  summer  months,  and  the  areas  are  in  effect 
waterless.  Certain  tributeiry  streams  rage  in  flood  during  the  winter  rains, 
and  dry  out  to  a  series  of  pools  during  the  late  svnnmer.  Thus,  there  is  a 
period  of  from  three  to  five  months  annually  in  which  all  streamflow  must 
be  supplied  from  ground  water  accretions,  channel  storage,  snowmelt,  or 
reservoir  storage.  Vegetation  in  this  dry  season  must  struggle  harder 
with  the  passage  of  time  to  pry  water  from  the  soil,  annual  grgisses  cure, 
and  with  the  decrease  of  humidity,  the  fire  hazard  increases. 
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Recorded  flows  at  Scotia  have  varied  from  10  second-feet  to  541,000 
second-feet  aad  natural  yields  at  Scotia  from  868,000  acre -feet  (k^   inches 
of  runoff)  to  11,669,000  acre-feet  (59  inches  of  runnoff )  annually.   Ffunoff 
is  controlled  to  a  minor  extent  by  Scott  Dam  (Lake  Pillsbiiry)  on  the  upper 
main  stem  of  the  Eel  River,  with  a  storage  of  about  92,000  acre -feet,  and 
through  diversion  from  Lake  Pillsbury  storage  at  Van  Arsdale  Dam  through 
the  Pacific  Gas  and  Electric  Company's  Potter  Valley  Tunnel  into  the 
Russian  River  draineige.  Lake  Pillsbury  is  the  only  significant  reservoir 
storage  in  the  basin.   Diversions  from  it,  largely  for  power  purposes,  have  been 
in  the  neighborhood  of  200,000  acre -feet  annually  for  the  psist  few  years. 

There  are  numerous  small  natural  lakes  and  ponds  in  the  drainage 
and  a  few  small  man-made  ranch  and  farm  reservoirs.  The  natural  ponds  are 
usually  quite  limited  in  size,  covering  less  than  a  few  acres,  and  seldom 
of  a  permanent  nature.   During  the  summer  there  is  little  natural  inflow 
to  these  Isikes  and,  as  the  season  progresses,  they  tend  to  dry  out  to 
little  more  than  stagnant  pools.   The  drainage  area  of  a  typical  pond  is 
quite  small,  usually  in  a  landslide  pocket,  a  great  many  possessing  less 
than  an  acre  of  water  surface.  These  are  not  shown  on  standard  topographic 
maps.  Their  occurrence  appears  to  be  limited  almost  entirely  to  the 
eastern  and  central  belts  of  mountainous  topography.  Their  effect  on  the 
hydrology  of  the  entire  basin  isunknown,  but  is  thought  to  be  insignificant. 

The  Eel  River  System  has  had  an  infamous  reputation  for 

flooding  since  its  earliest  exploration.  Gregg's  party  in  the  winter  of 

184-9-50  was  greatly  inconvenienced  by  high  waters,  and  31  years  later,  in 

the  first  written  history  of  Humboldt  County,  the  following  statement  was 

made: 

"The  current  during  the  season  of  floods  is  terrific.  The 
canons  are  then  but  conduits  for  the  seething  flood,  bearing  on 
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its  surface  the  debris  of  the  forest's  huge  redwood  trees,  \inder- 
mined  along  the  banks  and  swept  along  by  the  flood;  old  logs  dis- 
lodged from  the  drifts,  where  they  had  lain  for  years,  are  carried 
out  into  the  ocean.  These  rivers  rise  very  suddenly  with  heavy 
rain  in  the  winter.  "15/ 

This  periodic  occurrence  of  damaging  floods  constitutes  the  most 
serious  water  problem  of  the  basin.  Major  floods  occurred  in  1901,    1938^ 
1950,  1955 >  and.  1964,  the  latter  two  causing  damages  estimated  at  over  22  and 
50  million  dollars  respectively.  The  I96U  flood  was  the  greatest  on  record, 
and  caused  19  deaths  and  widespread  destruction  to  iirban  areas,  farmlands, 
lumber  mills,  and  transportation  facilities.  Several  comm^Inities  were  com- 
pletely destroyed.  Because  of  the  lack  of  transportation  for  logs  and  cut  lumber, 
several  thousand  workers  were  without  jobs. 

A  need  also  exists  for  improving  the  meager  streamflow  during  the 
Slimmer  months  for  the  enhancement  of  fish  habitat  and  improvement  of 
recreation  facilities. 

Despite  the  lack  of  rainfall  in  summer  months,  portions  of  the 

northwestern  extremes  of  the  Eel  River  Basin  are  unusually  well  watered. 

Being  one  of  the  wettest  places  in  the  State,  it  was  recognized  in  its 

early  settling  as  possessing  the  asset  of  abundant  water.  The  following 

quotation,  almost  poetic,  eulogized  this  8I  years  ago: 

"One  of  the  features  of  Humboldt  County  is  its  wealth  in 
pure  water.  One  finds  it  everywhere  --  pure  and  cold  as  the 
fountains  of  the  upper  Sierra.  An  old  resident  says  there  is 
not,  he  thinks,  16O  acres  in  the  county  without  a  permanent 
spring  of  fine  water.  The  springs  of  pure,  cold  water  about 
this  county  are  a  marvel,  and  it  is  impossible  to  fully  describe 
their  beauty  and  usefulness.  There  are  thousands  and  thousands. 
Every  hill  and  mo\mtain  side  teems  with  them  and  the  weary  traveller 
and  his  thirsty  beast  find  streams  of  pure  water,  cool  amd  fresh, 
gushing  from  the  wayside  banks,  and  gathered  into  troughs  for  his 
convenience.  The  flow  of  these  springs  varies  from  a  few  gallons 
a  day  to  barrels  per  minute.  "15/ 


15/  Anonymous.   "History  of  Humboldt  Coxjuity,  California,  with  Illustrations." 
W.  Elliott  &  Company,  San  Francisco.  2l8  pp.  1881. 
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Water  Quality 

The  Eel  River  and  its  tributaries  flow  primarily  throvi^  the 
Franciscan  formation  consisting  of  sandstone,  shale,  conglomerate,  green- 
stone, chert,  and  minor  amoiants  of  limestone  and  schist.  As  these  rocks 
contain  a  relatively  low  percentage  of  readily  soluable  minerals  and  the 
area  is  one  of  heavy  rainfall,  resiiltant  runoff  carries  low  concentrations 
of  dissolved  solids  and  is  calcium  bicarbonate  in  character. 

The  most  downstream  permanent  monthly  sampling  station  on  the 
Eel  River  is  located  at  Scotia,  approximately  12  miles  above  the  mouth  of 
the  river.  Analyses  of  monthly  grab  samples  collected  at  this  station  since 
April  1951,  show  the  following  variation  in  significant  mineral  quality 
characteristics:   total  dissolved  solids,  from  57  to  25U  parts  per  million; 
hardness,  from  k3   to  212  parts  per  million;  boron,  0.0  to  0.48  parts  per 
million;  and  percent  sodiian,  from  9  to  26  percent.  An  average  value  of 
the  above  ranges  (weighted  according  to  flow)  would  feill  much  closer  to 
the  minimum  than  the  maximum  figiires.  Water  with  the  above  characteristics 
is  of  excellent  mineral  quality  and  would  be  desirable  for  nearly  all 
beneficial  uses. 

Major  tributaries  of  the  Eel  River  supply  water  of  equal  or  even 
slightly  better  mineral  quaillty.  One  notable  exception  to  the  excellent 
mineral  qiiallty  of  the  surface  water  in  the  Eel  River  watershed  is  the 
presence  of  high  concentrations  of  boron  during  periods  of  low  flow  in 
the  upper  reaches  of  the  Eel  River.  For  example,  Outlet  Creek  near  Longvale, 
although  low  in  total  dissolved  solids,  has  shown  concentrations  of  boron 
as  high  as  3'^   parts  per  million.   In  September  of  I96O,  a  sampling 
reconnaissance  was  made  of  Outlet  Creek  and  its  tributaries  in  an  attempt 
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to  locate  more  accurately  the  source  of  the  high  boron  concentrations. 
Results  of  this  limited  survey  indicated  that  most  of  the  boron  in  Outlet 
Creek  was  coming  from  Long  Valley  Creek  which  carried  9*9  parts  per  million 
boron  just  above  its  confluence  with  Outlet  Creek.  Although  no  further 
attempt  was  made  to  pinpoint  the  source  of  the  boron,  it  is  probable  that 
it  is  supplied  to  Long  Valley  Creek  by  volcanic  or  deep-seated  waters  from 
one  or  more  springs  similar  to  those  that  have  been  identified  in  the  nearby 
Clear  Lake  area.  A  faiilt  zone  is  knovnto  exist  in  the  vicinity  of  Long 
Valley  Creek,  gmd  waters  with  high  boron  contents  have  often  been  associated 
with  such  fracture  zones. 

Boron  concentrations  as  high  as  20  parts  per  million  are  not 
considered  deleterious  to  a  drinking  water  supply.  However,  a  boron  content 
of  more  than  2.0  parts  per  million  in  irrigation  water  generally  is  considered 
injiirioiis  to  unsatisfactory  for  most  crops  under  most  conditions.  Streams 
with  such  high  concentrations  of  boron  as  Outlet  Creek,  however,  supply  a 
small  portion  of  the  total  Eel  River  discharge.   Thus,  after  joining  other 
tributaries  or  the  main  stem  of  the  Eel  River,  water  from  such  streams  is 
soon  diluted  so  that  boron  concentrations  seldom  exceed  0.5  parts  per  million. 
Any  impoundment  of  such  streams,  consisting  of  a  mixture  of  high  and  low 
flows,  should  result  in  a  water  that  would  be  Class  1  for  irrigation  and 
of  excellent  mineral  quality  for  all  other  prevalent  beneficial  uses. 

During  periods  of  intense  rainfall  and  flooding,  the  suspended 
sediment  load  in  the  Eel  River  and  many  of  its  tributaries  is  high  dvie  to 
the  rugged  topography  and  steep  gradients  prevalent  throughout  the  watershed. 
In  some  areas  unstable  soils  add  to  this  problem  by  increasing  the  suspended 
sediment  load  and  turbidity.  During  periods  of  high  turbidity  the  waters 
are  unsuitable  for  many  uses  without  receiving  treatment. 
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One  of  the  greatest  threats  to  the  quality  of  Eel  River  water 
would  be  the  uncontrolled  development  of  the  Eel  F?iver  watershed.   Careless 
construction  and  land  clearing  practices  can  result  in  both  immediate  and 
long-term  impairment  such  as  increasing  erosion,  cleaj"  waters  becoming 
turbid,  and  spawning  gravels  being  clogged  with  sediments.   Increased  sedi- 
ment loads  will  also  decrease  the  storage  capacity  in  reservoirs  to  be 
constructed  and  shorten  their  useful  lives.  Thus,  as  the  great  forest 
resources  of  this  area  are  developed  and  harvested,  it  is  important  that 
only  the  best  forestry  practices  be  utilized  in  order  that  water  quality 
impairment  be  minimized. 

During  the  winter  months  the  temperature  of  the  Eel  River  water 
drops  to  around  4o°  F.,  but  in  the  late  summer  months  it  often  exceeds  80°  F. 

Fish  and  Wildlife 

The  Eel  River  system  provides  essentiaJ.  habitat  for  substantial 
populations  of  economically  iraportfiuat  fish  and  wildlife  species.  These 
populations  contribute  substantially  to  the  recreation  service  industry  of 
the  area.   The  king  and  silver  salmon  populations  that  utilize  the  river 
and  its  many  tributaries  for  spawning  eind  early  growth  contribute  significantly 
to  the  commercial  fishing  industry  of  northwestern  California. 

Fishes 

The  most  important  fishes  are  king  salmon,  silver  salmon,  steelhead 
trout  (migratory),  and  rainbow  trout  ( nonmigratory ) .  Several  additional 
fishes  reside  in  the  system,  or  use  it  for  spawning.   However,  they  are  of 
little  consequence  to  the  economy  of  the  area. 
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King  salmon  utilize  the  Eel  River  system  for  reproduction  and  a 
few  months  of  early  growth  only.  The  remainder  of  their  life  cycle,  which 
is  most  commonly  three  or  four  years,  but  may  vary  from  one  to  seven,  is  spent 
in  the  Pacific  Ocean.  The  annual  spawning  migration  of  king  salmon  in  the 
Eel  River  commences  during  late  August  and  early  September,  when  the  adults 
arrive  in  the  Fernbridge  area  to  await  the  higher  flows  needed  for  further 
upstream  migration.  In  low-flow  years,  these  early  arrivals  are  forced  to 
spawn  on  riffles  in  the  lower  portion  of  the  main  stem  of  the  river  or  in  the 
lower  tributaries,  such  as  the  Van  Duzen  River. 

The  bulk  of  the  emnual  spawning  run  occurs  during  late  October  and 
early  November,  depending  upon  the  advent  of  fall  precipitation.  Actual 
spawning  begins  in  late  October,  peaks  in  November,  and  tapers  off  through 
December  to  early  January.  Downstream  migration  of  juvenile  king  salmon  is 
heaviest  during  the  following  June.  Most  of  the  young  fish  move  from  the 
estuaries  to  the  ocean  during  July  and  August  of  the  same  year. 

It  is  estimated  that  the  average  spawning  run  of  adult  king  salmon 
in  the  Eel  Fliver  system  over  a  25-year  period  from  1938  to  I962  was  approxi- 
mately 69,000  fish,  with  an  estimated  high  of  177,000  in  a  single  year.  This 
estimate  is  based  on  annual  coimts  of  salmon  passage  over  Benbow  Dam  on  the 
South  Fork  Eel  River,  and  escapement  estimates  made  by  the  U.  S.  Fish  and 
Wildlife  Service  for  the  entire  river  during  the  period  1955-59' 

Silver  salmon  use  the  Eel  River  system  for  a  full  year  of  juvenile 
growth,  in  addition  to  spawning.  Most  adults  mature  as  three-year-olds, 
after  spending  two  years  in  the  ocean.  The  annual  spawning  migration  in  the 
Eel  River  commences  in  October,  reaches  a  high  in  November,  and  continues 
through  December.  Egg  deposition  begins  in  late  November,  and  continues 
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through  December  and  January.  The  bulk  of  silver  salmon  spavnlng  occurs 

in  small  tributaries  and  the  headwaters  of  the  larger  Eel  River  tributaries. 

The  average  annual  silver  salmon  spawning  migration  run  for  the 
period  I938-62  is  estimated  at  approximately  30,000  fish. 

Steelhead  trout  are  the  most  abvuadant  anadromous  species  in  the 
Eel  River  and  are  most  dependent  upon  the  fresh  water  stream  habitat.  The 
adults  enter  the  river  during  all  months  of  the  year.  However,  the  heaviest 
migration  occurs  dviring  December  and  January.  Spawning  occurs  during 
February,  March,  and  April  in  the  headwaters  of  the  system.  Little,  if  any, 
steelhead  reproduction  takes  place  in  the  main  stem  of  the  river. 

Juvenile  steelhead  may  spend  from  one  to  fo\ir  years  in  their  natal 
stream  before  moving  downstream  to  the  ocean.  Some  young  steelhead  remain 
in  the  Eel  River  for  their  complete  life  span.  These  nonmigrants  provide 
much  of  the  summer  "trout"  angling  in  the  watershed.  An  average  of  about 
115,000  steelhead  adults  entered  the  Eel  River  during  the  period  1938-62. 

Resident  rainbow  trout  are  most  abundant  in  the  headwaters  of 
the  drainage,  particiilarly  in  the  inaccessible  portions  of  the  drainage. 
These  popvilations  support  a  moderate  amount  of  angling  during  the  summer 
months  in  relatively  accessible  areas,  thereby  contributing  to  the  recreation 
industry  of  the  Eel  River  area.  However,  by  far  the  major  portion  of  the 
summer  "trout"  fishery  is  supported  by  juvenile  steelhead. 

The  future  development  of  water  resources  within  the  Eel  River 
Basin  could  have  a  variety  of  effects  both  desirable  and  xmdesirable  on 
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fishery  resources,  depending  upon  the  adeqxiacy  of  vater  project  planning. 
Headwater  projects  with  adequate  features  for  fish  could  result  in  a 
substantial  increase,  pgurticularly  in  king  salmon.  Projects  located  in 
the  lower  portions  of  the  system  would  be  potentially  damaging,  and  large 
hatcheries  might  be  necessary  to  preserve  the  existing  fisheries  resoxirces. 

The  California  Department  of  Fish  and  Game  points  out  that  the 
Eel  River  system  possesses  a  remetrkable  potential  for  an  increase  in  the 
production  of  ssuLmon  and  steelhead.   It  will  be  necessary  to  realize  most 
of  this  potential  if  the  future  demand  for  recreation  and  coinmercially  pro- 
duced saJmon  in  the  State  is  going  to  be  met.   "Hie  economic  development  of 
the  area  is  partially  dependent  upon  the  resuLization  of  this  potential. 

Wildlife 

Although  many  game  species  of  wildlife  exist  in  the  Eel  River 
Basin,  only  the  black-tailed  deer  is  of  conceivable  importance  to  watershed 
management  considerations,  while  concurrently  it  is  the  most  important 
game  animal.  The  annual  hunting  season  bolsters  the  area's  economy  con- 
siderably, although  much  of  the  private  landholdings  are  posted  against 
hunting.  The  deer  are  largely  nonmigratory,  except  at  higher  elevations 
in  the  Middle  Fork  Eel  River  drainage  and  the  Lake  Pillsbviry  area,  where 
snow  forces  migration  to  lower  elevations  during  the  late  fall  and  winter 
months.  Populations  are  generally  low  in  the  dense  redwood  and  fir 
forests  of  the  basin,  while  in  the  more  open  plant  communities  of  woodlsuad, 
woodland -grass,  ponderosa  pine,  and  broken  chaparral,  they  are  more  abundant. 
Their  abundance  is  controlled  by  the  available  food  which  varies  seasonally, 
and  includes  mountain  mahogany,  buckbrush,  deerbrush,  chamise,  manzanita, 
oak,  and  incense  cedar.  Grasses  and  forbs  are  important  seasonally. 
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other  game  animaJLs  include  black  bear,  moiintain  lions,  California 
8ind  mountain  quail,  ring -necked  pheasants,  gray  squirrels,  brush  rabbits, 
band-tailed  pigeons,  blue  and  ruffed  grouse,  and  mourning  doves,  all  of 
which  are  hunted  to  some  extent.  Although  several  fur -bearing  animals 
inhabit  the  drainage,  trapping  is  light  and  of  no  appreciable  value  to  the 
local  economy.   The  commercially  important  species  is  mink.  Other  species 
include  river  otter,  gray  fox,  coyote,  rauskrat,  ring-tailed  cat,  bobcat, 
fisher,  pine  marten,  racoon,  weasel,  badger,  and  skunk. 

Definite  relationships  exist  between  the  fish  and  wildlife  and 
the  soil  and  vegetation  which  constitute  their  habitat.   In  the  Eel  River 
Basin,  the  actions  of  land  use  on  the  fisheries  resource  is  quite  pronounced. 
This  is  discussed  in  more  detail  elsewhere  in  this  report.   The  effects  of 
wildlife  on  soil  and  vegetation,  and  vice  versa,  are  less  obvious  and 
important,  and  are  discussed  briefly  herein. 

Deer  in  particular  can  affect  the  soil  and  vegetation  in  a  notice- 
able manner.  They  have  presented  a  problem  in  some  portions  of  the  Eel  River 
BsLsin  by  browsing  on  yoiong  forest  plantations.  This  will  become  a  more 
serious  problem  as  the  reforestation  of  cutover  areas  for  sustained  yield 
timber  management  increases  in  economic  importance.   In  a  restricted  portion 
of  the  Glenn  County  portion  of  the  basin,  deer  have  been  directly  responsible 
for  preventing  regrowth  of  vegetation  following  earlier  overgrazing  by  live- 
stock, resulting  in  limited  sheet  erosion.  In  other  areas,  deer  have  indirectly 
contributed  to  the  erosion  problem  by  competing  ^.ath  livestock  for  feed  on 
steeply  sloping  grasslands. 
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Land  use  practices  in  the  Eel  River  Basin  have  been  largely 
beneficial  to  deer.  Timber  cutting  in  dense  forests  often  results  in  in- 
creased food  for  deer  by  allowing  establishment  of  plant  species  preferred 
for  browse  by  deer.  Clearing  of  certain  lands  for  pasture  may  also  have  a 
beneficial  effect  on  deer  (and  quail)  populations  by  increasing  plant  food 
species.  On  the  other  hand,  much  of  the  private  landholdings  and  access 
roads  are  posted  against  h\inting  and  tresspass,  and  thus  a  potential  for  the 
control  of  deer  numbers  (and  for  a  great  amount  of  recreational  use  also) 
is  not  now  being  realized.  The  Cgilifornia  Department  of  Fish  and  Game  has 
stated  that  this  is  a  poor  situation  from  the  standpoint  of  deer,  as  well 
as  the  timber  and  forage  resource.  A  greater  harvest  of  the  populations 
would  result  in  healthier  deer  herds,  better  fawn  svirvival,  less  damage 
to  restocked  timber,  and  less  competition  with  domestic  grazing  animals. 

No  significant  changes  in  the  wildlife  populations  of  the  Eel 
River  Basin  are  foreseen  for  many  years,  despite  eaiticipated  economic 
development.  In  fact,  increased  logging  activity  may  result  in  minor  in- 
creases in  numbers  of  deer.  Quail  populations  will  probably  remain 
relatively  static.  The  small  pheasant  population  may  be  reduced,  due  to 
virbanization  of  existing  lands  sxiitable  for  grain  production. 

Economics 

The  economy  of  the  Eel  River  Basin  has  long  been  dependent  upon 
the  developnent  and  utilization  of  its  abundant  natural  resources.  Logging, 
lumber,  and  manufacture  of  forest  products  have  been  especially  important 
in  supporting  the  popxilation  of  the  area.  The  timber  indtistry  developed 
soon  after  initial  settlement  of  the  area  and  quickly  became,  and  has 
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remained  to  date,  the  most  important  segment  of  the  economy.   In  recent  years, 
the  recreation  sissets  of  the  Eel  River  area  have  ascended  to  prominence, 
centering  around  the  world-famous  coatst  redwoods,  \rtaich  attain  their  maximiM 
size  in  the  basin.  Agriculture,  predominemtly  ranching  and  livestock-oriented 
activities,  was  the  original  impetus  for  settlement,  although  it  occupies  a 
position  of  lesser  importance  at  present.  Minor  industries  include  marine 
fisheries  and  mining.  Service  industries  such  as  wholesale  and  retail  trade, 
construction,  transportation,  communication,  and  utilities  have  developed 
in  support  of  the  local  economy. 

Timber  Industries 

The  excellent  conditions  for  growing  redwood  and  Douglas  fir  timber 
in  the  Eel  River  Basin  have  made  the  forest  products  industry  of  primary 
importance.  This  industry  is  concentrated  in  the  redwood  belt,  and  employs 
about  if-0  percent  of  the  workers  in  the  area.  At  present,  cutting  in  the 
basin  is  exceeding  growth  by  about  two  and  one-half  to  three  times,  as  virgin 
(or  overmature)  stands  are  still  being  harvested.  This  situation  is  likely 
to  persist  for  another  15  to  20  years,  after  which  timber  cutting  is  not 
expected  to  exceed  net  annual  growth. 

Much  of  the  Douglas  fir -redwood  land  has  an  exceptional  potential 
for  growing  commercial  timber,  at  least  as   compared  with  other  areas  of  the 
Western  Lfaited  States.  Representative  unit  growth  figures  for  fully  stocked 
lands  under  good  management  can  average  about  U50  board-feet  -per   acre  per 
year.  Much  of  this  land  is  steep  and  well  watered,  and  all  factors  considered, 
trees  are  its  most  suitable  crop.  These  lands  are  generally  not  conducive  to 
grazing  amd  when  so  used  bring  lower  returns. 
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There  is  good  cause  to  expect  that  the  timber  industry  vill 
continue  to  be  a  permanent  featvire  of  the  Eel  River  Basin  economy.   Studies 
indicate  that  under  continuous  yield  management,  annual  harvest  of  timber 
in  the  Eel  River  Basin  will  approximate  65O  million  board-feet  per  year,  or 
about  l|-  percent  of  the  total  national  requirement  in  1975* 

In  addition  to  the  production  of  lumber,  which  has  thus  far  con- 
stituted the  majority  of  timber  utilization,  other  products  will  be  in 
demand.  The  pulp  and  paper  industry  has  only  recently  begun  to  d«nonstrate 
interest  in  California's  North  Coast,  and  it  hgis  historically  tended  to 
follow  in  the  wake  of  a  well  established  lumber  industry.   There  is,  in  the 
area,  a  readily  available  source  of  material  for  pulp  use:  wood  residues, 
logging  residues,  and  standing  timber  of  the  smaller  sizes  which  might  be 
removed  in  silvicultxiral  operations.  With  stabilization  of  the  water  supply, 
several  pulp  and/or  paper  mills  can  be  expected  to  be  installed  in  the 
environs  of  the  lower  Eel  River  in  the  next  several  deceuies. 

It  is  significant  that  most  of  the  forest  lands  in  the  Eel  River 
Basin  axe   in  private  holdings  rather  than  in  national  forests,  as  is  the 
case  in  most  of  the  commercial  forest  lands  in  California.  For  this  reason, 
logging  practices  are  usually  dictated  more  by  near-term  financial  gain  than 
by  governmental  control. 

The  advent  of  a  market  for  pulp  wood  should  have  several  effects 
upon  land  use.  Forestry  operations  would  be  intensified  because  of  expected 
economic  rettirns  from  short  rotation  operations,  from  thinnings,  and  from 
more  efficient  utilization  of  the  larger  sizes.   Competition  of  pulpwood 
sizes  with  sawlogs  for  pulp  and  paper  consumption  may  result  in  some 
marginal  timber  lands  being  cut. 
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Two  contradictory  effects  could  result  from  the  more  intensive  use 
of  forest  lands.  The  utilization  of  mEirginal  lands  or  poorer  timber  sites 
could  provoke  erosion  and/or  the  invasion  of  briish.   Close  attention  to 
better  timber  sites  could  result  in  improved  forest  conservation  practices 
axid  consciousness  of  the  value  of  soil  conservation,  to  the  benefit  of  the 
site  and  soil  resource. 

The  present  demeind  for  veneer  and  plywood  should  continue  to  in- 
creaise  in  volume  and  in  proportion  to  the  total  forest  products  use.  This, 
too,  vrill  result  in  more  intensive  use  of  forest  lands,  with  most  of  the 
above-mentioned  side  effects. 

Thiis,  for  the  forest  based  segment  of  the  Eel  River  economy,  in- 
creasing demands  for  timber  products  will  require  maximum  utilization  of  the 
basin's  forests.   Such  maximum  utilization  does  not  necessarily  mean  wasteful 
or  destructive  logging  practices.   In  fact,  the  reverse  is  more  apt  to  be 
trxie.   If  lumber  products 'are  to  remain  competitive  with  substitute  materieLLs, 
increased  efficiencies  in  forest  management  are  necessary.   In  addition, 
competition  and  anticipated  growth  in  demand  for  all  timber  products  will 
necessitate  the  more  complete  utilization  of  raw  materials  in  logging  and 
milling.   Such  incresises  in  efficiency  throughout  the  indxistry  should  prove 
less  detrimental,  from  a  watershed  management  point  of  view,  than  some  past 
and  current  logging  practices. 

Besides  the  economic  factors  of  operation,  certain  public  pressures 
and  public  relations  are  important  business  considerations.  This  will  be- 
come increasingly  true  in  the  timber  industry  as  competition  increases  and 
demands  for  multiple  uses  of  land  intensify.  The  reckless  use  of  timber 
resources  is  not  compatible  with  either  the  public's  or  the  industry's  best 
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interest.  Some  companies  have  recognized  this  and  have  put  into  effect 
reforestation  and  forest  memagement  programs.  The  latter  will  become  more 
typical  and  widespread  as  the  timber  industry  moves  toward  more  efficient 
operation,  including  integration.  The  overall  effect  with  respect  to  soil 
and  water  conservation  should  be  positive. 

Recreation 

Recreation  ranks  second  to  timber  as  the  most  important  industry  in 
the  economy  of  the  Eel  River  watershed.  The  diversity  of  climate,  topography, 
and  vegetation,  along  with  good  htmting  and  fishing  areas  combine  to  make  it 
extremely  attractive  to  recreationists  and  toinrists.  It  hsis,  however,  lagged 
in  recreation  developnent  because  of  its  inconvenient  location  with  respect 
to  major  population  centers  and  the  relatively  slow  and  inconvenient  highway 
access . 

The  popiilation  growth  vrtiich  has  been  cheiracteristlc  of  California 
is  expected  to  continue  in  the  future  and,  coupled  with  additional  leisiire 
time,  this  population  will  seek  recreation  in  various  forms  in  the  Eel  River 
Basin.  The  completion  of  Highway  U.  S.  101  to  freeway  standards  should  be  a 
positive  step  towards  channeling  a  larger  volume  of  recreation  to  the  area. 
Although  most  of  the  recreation  pressures  are  and  will  continue  to  be  in 
the  redwood  belt,  potentisG.  for  developnent  in  the  hinterland  exists,  but 
is  discouraged  to  all  except  the  hearty  and  suiventurous  at  the  present  time 
because  of  a  lack  of  suitable  access. 

It  is  assumed  that  the  number  of  recreation  sites  and  facilities 

will  increase  in  response  to  predicted  public  demand.  The  development  of 

water  projects  will  be  particularly  importsint  in  this  regard.   In  addition 

to  providing  increased  recreation  opportunities,  both  at  site  and  downstream, 

eissociated  road  construction  will  encourage  recreational  development  in  the 

interior  of  the  basin  generally. 
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Most  of  the  vises  of  land  for  recreation  are  nondestructive  or  even 
preservational.  Generally,  only  a  small  amount  of  the  total  land  allocated 
for  recreation  purposes  is  actually  used,  albeit  this  heavily.  The  con- 
struction of  additional  highvay  featvires  may  cause  soil  stability  problems  not 
now  existing,  if  the  present  situation  can  be  taken  as  a  sample  of  things  to 
come.  Attention  to  landscaping  and  draineige  facilities  will  materially  aid 
in  the  reduction  of  eirosion  and  soil  loss  due  to  roeid  construction. 

Ptecreation  in  the  Eel  River  Basin  is  expected  to  expand  significantly, 
and  should  become  a  greater  economic  force  in  determining  land  use.  Iftidoubtedly, 
new  eireas  will  be  added  to  the  State  Park  System,  and  new  access  will  develop 
through  National  Forests  and  private  lands  of  the  interior.  There  will  be  a 
need  to  supply  clear  and  abundant  water  for  the  fisherman,  and  to  provide 
convenient  transportation  to  the  recreation  attractions.  The  new  and  improved 
highways, and  the  possible  water  developnent  projects  in  the  Eel  River  Basin, 
are  the  only  elements  of  recreation  which  might  result  in  significant  effects 
of  concern  from  a  watershed  management  point  of  view. 

Agricultiire 

The  third  industry  in  importance  is  agriculture,  the  main  activity 
centering  axoiind  livestock,  with  dairying  on  the  better  sites  in  the  lower 
Eel  River  Delta,  and  wildland  grazing  on  most  of  the  remaining  drainage. 
Some  truck  and  field  crops  axe   raised  and  several  thoussmds  of  acres  are 
irrigated  in  Round  Valley,  Little  Lake  Valley,  and  the  lower  Eel  River 
area,  but  the  major  agriciiltureil  effort  is  ranching. 

The   best  bottomlands  in  the  Eel  River  Basin  are  comparable  in 
quality  to  the  best  found  in  the  Sacramento  and  San  Joaquin  Valleys.   The 
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prairies  are  generally  the  best  wildland  available  for  grazing  in  the  State, 
or  at  least  were  under  pristine  conditions. 2/  Ranches  scattered  throvighout 
the  mountainous  areeis  attest  to  its  use  as  range  forage,  even  though  the 
distribution  of  the  grasslands  necessitated  large  holdings  to  support  a 
family  unit. 

Future  trends  will  show  a  decreeise  in  use  of  the  more  level  and 
accessible  agricultural  land  due  to  encroaching  urbanization  in  such  areas 
as  the  lower  Eel  River.  As  a  result,  some  of  the  less  desirable  and  more 
hilly  lands  will  probably  be  utilized  to  meet  increasing  local  demands. 
Most  of  the  population  increase  will  probably  occiir  in  areas  that  are  now 
of  urban  and  suburban  character.  Wildland  ranching  will  probably  be  little 
affected  by  xirban  encroachment.  However,  some  prime  hunting,  fishing,  and 
recreational  lands  will  probably  become  private  and  public  areas  dedicated 
solely  to  these  ends.  These  developments  should  have  little  direct  effect 
vcpon  watershed  management. 

Other  Industries 

Other  resoiirce  based  elements  of  the  economy  include  commercial 
fishing  and  minerals.  The  commercial  fishing  is  mainly  in  the  ocean  waters 
adjacent  to  the  Eel  River  outlet,  but  is  substantially  affected  by  the 
salmon  produced  in  the  river.  There  could  possibly  be  effects  of  develop- 
ments in  the  basin  which  would  alter  the  n\jmbers  of  fish  available  for 
commercial  harvest.   The  indxistry  within  the  basin  is  quite  limited,  the 
main  concentration  being  in  the  Eureka-Arcata  area.   No  substantial  in- 
crease in  activity  in  this  endeavor  is  expected. 


16/  Burcham,  L.  T.   "California  Range  Land."  State  of  California,  Division 
of  Forestry,  Department  of  Natural  Resources.  26l  pp.   1957* 
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There  Is  a  limited  mineral  industry  in  the  basin,  primarily  the 
mining  of  sand  and  gravel  for  construction.  As  construction  is  expected  to 
increase,  increases  of  sand  and  gravel  production  can  be  expected  to  change 
proportionately.  This  activity  could  stir  up  a  good  deal  of  clay-sized 
sediment  which  is  detrimentaJ.  to  the  quality  of  water,  and  thus  the  fish, 
the  recreation,  and  the  water-using  industries.  Other  existing  minerals 
such  as  clay,  natural  gas,  manganese,  copper,  coal,  chromium,  and  gold  are 
exijected  to  have  little  effect  on  the  economy  of  the  basin  during  the  next 
several  decades. 

Population 

The  present  population  of  the  Eel  River  vatershed  is  estimated 
(i960)  at  14-0,300,  of  which  28,^00  or  70  percent  are  in  Humboldt  County, 
principally  in  the  lower  Eel  River  area.  Twenty-eight  percent,  or  11,^50,  are 
in  Mendocino  County,  while  the  remainder  is  split  between  Lake  and  Trinity 
Coxmties.  There  are  believed  to  be  fewer  than  a  half-dozen  permanent 
residents  of  the  Glenn  County  portion  of  the  drainage. 

Population  data  and  future  predictions  are  presented  in  Table  2, 
while  employment  figiires  by  industry  are  shown  in  Table  3-   In  Tables  h 
and  5>  figures  of  land  ownership  in  the  Eel  River  Basin  by  type  of 
ownership, and  by  counties,  respectively,  are  tabulated. 
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TABLE  2 

POPULATION  DATA  AND  ESTIMATES  BY  COUNTIES 
IN  THE  EEL  RIVER  WATERSHED 


Year  = 

Humboldt  ' 

Mendocino 

Trinity  : 

Lake      : 

TotaliZ/ 

1880 

5,560^ 

2,260 

180 

Not 

available 

8,000 

1900 

10,195i^ 

3,320 

2J4-0 

Not 

available 

13,755 

1920 

ll.,585l§/ 

5,190 

380 

Not 

available 

20,155 

19^0 

l8,8l5i^ 

5,3iK) 

250 

Not 

available 

2il-,l+05 

i960 

28,400 

11,^50 

430 

50 

^0,330 

1970 

35,000 

15,300 

550 

150 

51,000 

1980 

14-1,000 

18,000 

700 

300 

60,000 

1990 

52,000 

22,000 

900 

1^50 

75,350 

2000 

63,000 

25,000 

1,100 

600 

89,700 

2010 

78,000 

30,000 

1,300 

800 

110,100 

2020 

92,000 

38,000 

1,500 

L,000 

132,500 

Source:   Cole,  D.  K. ,  "Future  Economic  Development  in  the  Eel  River 
Hydrographic  Utoit."  Memoremdum  Report,  State  of  California, 
Department  of  Water  Resources,  Northern  Branch.   50  pp.  (typed) 
1962. 

17/  No  knovn  popiolation  in  Glenn  County  portion. 

18/  Estimate  adjusted  according  to  Humboldt  County  census  data. 
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TABLE  3 
ESTIMATE  OF  EMPLOYMENT  IN  THE  EEL  RIVER  WATERSHED 


Industry 

■  i960   ; 

1990 

Basic  Industries 

Timber 
Agriculture 
Manufacturing 
Commercial  fisheries 
Minerals 

5,000 
600 
300 
200 
100 

6,500 

1,500 

900 

350 

150 

Subtotal 

6,200 

9,'<-oo 

Service  Industries 

Recreation  1,500  U,900 

Wholesale-retail  trade  1,800  2,300 

Construction  60O  1,800 

Transportation  500  8OO 
Communications,  utilities, 

and  miscellaneous  1,200  2,500 

Subtotal  5,600  12,300 

TOTAL  11,800  21,700 


Source:   Cole,  D.  K.  "Future  Economic  Development  in  the  Eel 
River  Hydrographic  Unit."  Memorandum  Report,  State 
of  California,  Department  of  Water  Resources, 
Northern  Branch.   50  pp.  (typed)  I962. 
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TABLE  k 

ESTIMATED  LAND  OWNERSHIP  BY  TYPE  OF 
OWNERSHIP  IN  THE  EEL  RIVER  WATERSHED 


:    Percent 

Type 

:    Acres 

:   of  total 
:   land  area 

Public  Lands 

National  Forestsl9/ 

U25,000 

18.0 

Public  Domain 

90,000 

3.8 

Indian  Lands 

20,000 

0.8 

S-6ate  Parks 

25,000 

1.1 

Miscellaneous 

State 

and  County 

10,000 

0.4 

Subtotal 

570,000 

21^.1 

Private  Lands 

1,788,000 

75.9 

TOTAL 

2,358,000 

100.0 

Source:  Department  of  Water  Resources  computations  based  on  data 
furnished  by  the  U.  S.  Forest  Service,  Indian  Service, 
Pacific  Southwest  Field  Committee^O/  and  State  of  California, 
Division  of  Beaches  and  Parks. 

19/  National  Forest  boundaries  contain  about  500,000  acres,  of  which 
75>000  are  estimated  to  be  private  lands. 

20/  Pacific  Southwest  Field  Committee.   "Natural  Resources  of 

Northwestern  California,  Preliminary  Report  Appendix,  Land  Use, 
Land  Classification,  Timber  Resources."   (Prepared  by  the 
Department  of  the  Interior,  Bureau  of  Reclamation. )  127  pp. 
1956. 
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TABLE  5 

ESTIMATED  LAND  OWNERSHIP  BY  COUNTIES 
AND  TYPE  OF  OWNERSHIP  IN  THE 
EEL  RIVER  WATERSHED 


Public 

:        Private 

:        Total        : 

Percent  of 

County       : 

(Acres) 

:        (Acres) 

:      (Acres)      : 

all     lands 

Mendocino 

159,OJ+0 

872,610 

1,031,650 

h3'7 

Hianboldt 

ijJ+,010 

719,160 

763,170 

32. U 

Trinity 

180,0^40 

138,920 

318,960 

13.5 

Lake 

150,5^^0 

i+0,130 

190,670 

8.1 

Glenn 

36,370 

17,180 

53,550 

2.3 

Total 

592,000 

1,766,000 

2,358,000 

100.0 

Percent 

2k.l 

75.9 

100.0 

Source:  Adjusted  unpublished  records  from  U.  S.  Department  of 
Agriculture,  Soil  Conservation  Service;  Forest  Service 
planimetric  map,  Mendocino  National  Forest;  Department 
of  Water  Resources  data. 
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Possible  Water  Projects  in  the  Eel  River  Basin 

The  Department  of  Water  Resources,  in  its  reconnaissance  investi- 
gation of  the  North  Coastal  area,  has  made  preliminary  studies  of  numerous 
potential  reservoirs  vithin  the  Eel  River  Basin.   Similar  studies  have 
been  conducted  by  the  U.  S.  Bureau  of  Reclamation  and  the  Corps  of  Engineers. 
Under  various  proposals,  these  storage  projects  may  be  operated  as  independent 
units  or  as  units  in  a  complex  system  interconnected  by  tunnels,  canals, 
and  pumping  plants.   In  any  plan  of  development,  the  projects  would  be 
operated  to  satisfy  local  requirements  for  water  supply,  flood  control, 
recreation,  ajod  fisheries  preservation.   The  water  remaining  after  satisfying 
these  local  demands  then  would  be  exported  from  the  basin  to  help  meet  the 
demands  in  other  areas  of  the  State. 

Altho\;igh  the  department's  investigation  encompasses  the  entire 
North  Coaistal  area,  the  main  study  effort  was  directed  toward  analysis 
of  plans  for  major  developments  on  the  Middle  Fork  and  the  Upper  Main  Eel 
Rivers.  The  Upper  Eel  River  Development  was  selected  as  the  initial  develop- 
ment in  the  North  Coastal  area  in  March  1964  and  advance  planning  studies 
were  initiated  on  it  in  July  1964.  The  following  is  a  brief  description  of 
the  major  storage  features  shown  on  Plate  6,  "Possible  Water  Projects  in 
Eel  River  Watershed." 

English  Ridge  Reservoir,  on  the  upper  main  stem  of  the  Eel  River, 
about  20  miles  northeast  of  Willits,  would  impound  about  1,800,000  acre- 
feet  of  water.  Diversions  wovild  be  made  from  the  reservoir  to  water  service 
areas  in  the  Russian  River  Basin,  the  Clear  Lake  area,  and  within  the  Eel 
River  Basin. 
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Spencer  Reservoir,  on  the  Middle  Fork  Eel  River,  near  Covelo, 
would  be  formed  by  Franciscan  Dam  on  Short  Creek  and  by  a  dam  on  the  River 
at  Spencer  Ranch.  The  850,000  acre -foot  reservoir  would  provide  water 
service  for  Roiond  Valley,  for  downstream  vises,  Including  fisheries,  and 
for  export  to  the  Sacramento  Valley. 

Dos  Rios  Reservoir,  on  the  Middle  Fork  Eel  River,  about  2  miles 
upstream  from  Dos  Rios,  would  impound  about  560,000  acre -feet.  Export  water 
developed  by  this  reservoir  £ind/or  Spencer  Reservoir  could  be  routed  via  a 
gravity  flow  tunnel  to  the  Glenn  Reservoir  Complex  or  via  pumping  to 
English  Mdge  Reservoir. 

Larabee  Valley  Reservoir,  on  the  South  Fork  Van  Duzen  River  would 
be  created  by  a  dam  at  the  foot  of  Larabee  Valley*  A  tunnel  would  link 
this  27^,000  acre-foot  reservoir  to  Eaton  Reservoir  on  the  Van  Duzen  River. 
Water  developed  in  the  iKX),000  acre -foot  Eaton  Reservoir,  together  with 
flows  from  Larabee  Valley  Reservoir,  would  be  routed  by  tvinnel  to  the  Mad 
River  for  eventual  transfer  to  the  Trinity  and  Sacramento  River  Basins. 

Branscomb  Reservoir  would  be  formed  by  a  dam  on  the  South  Fork 
Eel  River  below  the  community  of  Branscomb.   The  30,000  acre-foot  reservoir 
would  be  vised  primarily  for  recreation  and  for  fisheries  enhancement. 
Brsuiscomb  woiold  provide  no  water  for  export  outside  the  Eel  River  Basin. 

As  the  most  probable  major  projects  are  from  10  to  15  years 
from  construction,  there  should  be  ample  opportunity  to  evaluate  any  effects 
of  land  use  in  the  tributary  areas  on  their  design,  operation,  and  utility. 

A  more  thorough  description  and  analysis  of  these  potential 
water  projects  is  presented  in  considerable  detail  in  the  digest  volume 
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of  Bulletin  No.  I36  and  in  a  supporting  office  report,  "Alternative  Plans 
for  Development."  Possible  long-range  future  developments  on  the  Lower 
Eel  River,  namely.  Bell  Springs  and  Sequoia  Reservoirs,  are  included  in 
those  portions  of  the  report. 


The  Nortn  Cua^La.L  Prairie  is  a  "discontinuous  grassland  that  has  developed  undcx- 
much  cooler  temperatures  and  higher  rainfall  than  the  Central  Valley  prairie  .  .  . 
Typically  it  occurs  on  tops  and  upper  slopes  of  ridges  ....  the  soils  linderlyinj 
are  true  grassland  soils,  closely  related  to  ...  .  the  threat  soil  group  known  as 
'Prairie  Soils'."   (Burcham,  1957)  •  A  prairie  on  Laughlin  soil  near  Garborville, 
Humboldt  County. 
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CHAPTER  III.  WATERSHED  MANAGEMENT  PROBLEMS 
OF  THE  EEL  RIVER  BASIN 


Given  the  native  combination  of  geology,  soils,  climate,  topog- 
raphy, and  vegetation,  and  superimposing  conditions  of  use,  a  number  of 
problems  in  land  management  as  related  to  the  soil  ajid  water  resources  arise. 
Some,  to  be  sure,  are  natural  occiirrences,  but  many  are  the  result  of  mein's 
activity  in  the  area.  There  is  a  continual  competition  for  the  natioral 
resoxirces  of  a  watershed,  eind  giny  single  group  of  individ\aals  should  not 
have  unceasing  priority  over  the  other  interests.  Some  workers  would  dispute 
the  point  that  natiiral  occurrences  constitute  problems,  maintaining  that  such 
events  fall  into  the  "Act-of-God"  category  and  are  an  everyday  fact  of  life, 
a  part  of  the  natural  landscape  to  be  taken  in  stride  ajid  allowance  provided 
for  in  planning.  However,  cognizsince  must  be  taJsen  of  the  many  resource  users 
in  or  contiguous  to  an  area,  and  their  individual  needs  and  desires  assessed 
both  from  ein  economic  and  a  social  standpoint. 

Watershed  management  problems  are  discussed  separately  under  problem 
topics,  and  not  by  subwatershed  units.  Some  problems  tend  to  congregate  in 
certain  drainages,  while  others  are  quite  widespread.  At  the  conclusion  of 
this  chapter,  two  case  histories  of  specific  problem  areas  are  discussed. 
These  illustrate  the  nature  of  watershed  management  and  demonstrate  how  the 
misuse  of  the  many  resources  can  result  in  qualified  catastrophes. 

Soil  Management  Problems 

Sheet  Erosion.  This  process  is  one  of  the  most  elementary  forms 
of  erosion.   In  it,  soil  particles  are  detached  from  a  main  body  of  soil  and 
carried  away  by  moving  water.  As  implied,  the  water  movement  is  "in  sheets" 
or  over  the  surface  of  the  soil  in  essentially  laminar  flow.  Like  many 
natural  processes,  it  is  simple  in  appearance  but  complex  in  nature, 
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depending  upon  a  great  number  of  natural  factors,  one  of  the  most 
important  being  the  restrictions  to  flov  on  the  soil  surface. 

These  restrictions  to  flow  are  usually  the  vegetal,  covering 
of  the  soil,  the  native  greiss  mulch,  tree  leaves,  twigs,  and  needles. 
The  soil  surface  is  also  protected  from  the  kinetic  energy  of  falling 
raindrops  by  the  cover  itself,  the  grasses,  brush,  and  trees.  The  re- 
moval of  the  cover  or  the  surface  soil  armour  is  an  invitation  to  sheet 
erosion  with  the  advent  of  sufficient  rain. 

Althoiigh  most  of  the  soils  in  the  Eel  River  Basin  have  a 
relatively  high  resistance  to  surface  erosion,  a  histoid  of  grazing 
has  produced  scattered  areas  where  sheet  erosion  has  taien  place.  It  is 
found  most  frequently  in  the  central  belt  of  grass,  woodlemd -grass,  and 
woodland,  but  is  by  no  means  restricted  to  these  bounds.  Certain  portions 
of  Etsel  Ridge  offer  outstanding  examples  of  overused  sites  —  in  this 
case,  by  sheep  —  and  are  eroded  to  a  nonsoil  or  erosion  pavement  condition. 

Sheet  erosion  can  gradually  blend  into  rills  with  the  natural 
concentration  of  moving  water,  and  eventually  into  gully  erosion. 

Gully  Erosion.  With  the  concentration  of  overland  flow  into 
ephemeral  channels,  gullies  are  sometimes  formed.  These  are  storm 
channels  formed  in  the  soil  mantle  -vrtiich  are  more  than  temporary  in 
nature,  not  easily  obliterated  or  healed  by  the  usual  forces  of  nature. 
They  generally  result  from  a  surplus  of  water  concentrated  on  an  in- 
sufficiently protected  slope.  By  any  one  of  a  number  of  means,  the  grade 
of  the  established  channel  is  upset.  As  water  is  crowded  into  the  newly 
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formed  channel,  excessive  velocities  occur  and  further  erosion  and  soil 
transport  takes  place,  aided  by  turbulence  prompted  by  the  hi^er 
velocities.  Gully  formation  usually  proceeds  upstream  on  tributary 
drainages  by  vaterfall  cutting,  euid  in  the  end  a  complex  gully  network 
Is  formed,  eventually  again  achieving  natural  equilibrium  with  its 
channel  capacities,  roughness,  grade,  and  flows.  This  process  is 
actually  a  complete  geomorphic  cycle  of  channel  cutting  on  a  small  scale. 

Examples  of  gully  erosion  in  the  Eel  River  watershed  are 
numerous  and  widespread.  A  number  of  severe  examples  cein  be  seen  along 
Mail  Mdge  Roeui  in  Humboldt  Coimty.  Others  can  be  seen  on  Etsel  Ridge, 
along  the  Dos  Rlos-Covelo  Road,  and  in  many  glade  areas.  Like  sheet 
erosion,  gully  erosion  is  not  restricted  to  any  one  specific  area, 
although  it  does  appear  to  be  more  prominent  on  grasslands  of  the 
central  belt. 

The  causes  of  gully  erosion  can  be  numerous.  Gully  formation 
has  been  blamed  on  overgrazing,  logging,  cultivation,  recreation,  travel, 
climatic  change,  road  construction,  and  other  causes.  Examples  cited 
herein  are  thought  to  be  primarily  the  results  of  poor  drainage  planning 
on  roads,  and  more  specifically,  by  the  injudicious  placement  of  culverts; 
concentrating  unusually  large  flows  in  channels  which  etre  unable  to 
accommodate  them.  Erosion  from  lmproi)erly  pleiced  drednage  structures 
can  be  found  on  highways  of  every  echelon  in  the  Eel  River  Basin. 

Bank  Cutting.  While  gully  flow  and  sheet  erosion  is  an 
ephemeral  occurrence,  erosion  can  occur  along  permanent  and  intermittent 
streams  eilso.   In  this  situation,  erosion  results  from  the  cutting  action 
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of  water  against  the  banks  of  the  stream,  causing  instability  of  the 
slopes,  and  the  consequent  movement  of  soil  and  rocks  into  the  channel 
itself.   In  some  instances  this  appears  to  be  a  natural  occurrence  re- 
flecting the  geomorphic  youth  of  the  surea,  but  many  times  it  is  man- 
aggravated.  Some  human  activities  deposit  debris  or  fill  in  the 
channel  of  a  live  stream.   Such  deposition  reduces  the  cross  sectional 
area  of  flow,  resulting  in  an  increased  velocity  and  turbulence,  in 
some  cases  forcing  the  flow  against  the  opposite  bank.   These  two 
factors  can  cause  bank  cutting  and  soil  movement. 

Examples  of  this  phenomenon,  to  a  degree,  can  be  found  at 
some  point  along  almost  any  permanent  stream  in  the  study  area.  Perhaps 
the  most  accessible  and  noteworthy  example  of  bank  erosion  occurs  along 
Long  Valley  Creek  at  its  junction  with  Outlet  Creek,  along  Highway  U.  S. 
101  at  Longvale ,  shown  in  Photo  5 • 

Landslides.   Landslides  axe  the  Eel  River's  most  notorious 
item  from  a  soils  management  point  of  view.  They  have  been  geologically 
important  in  forming  the  landscape,  and  are  presently  a  somewhat  limiting 
factor  in  the  development  of  the  area.   The  effect  of  the  leindslides  in 
limiting  access  through  railroads  and  highways  has  been  quite  pronounced. 
Their  effect  on  soil  loss  and  sediment  production  is  not,  however,  well 
known,  although  it  is  suspected  of  being  quite  instrumental  in  the  latter 
respect. 

Althoiigh  both  are  termed  landslides,  earthflows  and  slumps  make 
up  the  broad  category,  as  discussed  in  Chapter  I.  Earthflows  occur 
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Bank  cutting  on  Long  Valley  Creek  near 
Mendocino  County. 


the  junction  with  Outlet  Creek  at  Longvale, 
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natiireilly  on  soils  derived  from  finer  grained  sedimentary  and  meta- 
morphic  rocks,  being  most  common  on  the  Yorkville  and  Lau^lin  soil 
series  in  grasslands,  and  the  Atwell  series  on  lover  slopes  in  timber. 
Lack  of  adequate  subsurface  drainage  results  in  lubricated  subsurface 
soil  zones  below  the  surface  soil  but  above  solid  bedrock;  and  large 
areas  of  soil,  under  the  influence  of  gravity,  "creep"  downhill 
slowly  much  in  the  fashion  of  a  continental  glacier.   The  flow  makes 
"islands"  or  knobs  of  the  more  resistant  rock  outcrops,  resulting  in 
an  undulating  landscape,  as  is  shown  in  Photo  6.  Large  areas  of  the 
Eel  River  Basin  are  of  this  nature,  and  quite  evident  as  such.  An 
outstanding  example  is  found  in  the  area  adjacent  to  Mendocino  Pass. 
Typically  they  are  almost  entirely  in  grass,  contain  soils  in  which 
the  smaller  particle  size  classes  dominate,  possess  a  distinctive 
rolling  hummock  and  knob  appearance,  contain  small  wet-weather  ponds, 
and  show  distinct  evidences  of  moisture,  sometimes  by  seeps  and  springs. 
Tliese  flows  can  commonly  be  found  along  ridge  tops  and  at  higher 
elevations  in  the  central  and  eastern  areas  of  the  Eel  River  Basin. 

Where  volumes  of  earthflow  accumulate  on  steeper  slopes, 
sufficient  depth  is  attained  to  trigger  standard  rotational-type 
landslides-^.  Often  this  occurs  at  the  lower  end  of  the  slope,  close 
or  adjacent  to  a  stream  channel.   If  the  streamflow  is  deflected 
against  the  opposite  bank,  cutting  can  cause  a  loss  of  stability  on 
that  side,  resulting  in  additional  sliding.   In  any  case,  the  evacuation 


1/  These  occur  due  to  failure  under  shear  of  subsurface  soil  layers 
along  an  approximately  circular  plane. 
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of  material  at  the  bottom  of  the  flow  (or  slump)  allows  movement  downhill 
of  the  residual  uphill  soil.  Thus  progresses  the  cycle  of  earthflow-slump- 
washing-etc.  An  entire  mountainside  can  be  so  affected. 

Because  slides  are  sensitive  to  moistirre,  it  would  be  difficiolt 
for  a  dry  area  to  slide.  Management  of  these  lands  should,  therefore, 
not  detain  water  or  encourage  infiltration  on  potential  slides.  It  might 
then  be  speculated  that  gullying  a  slide  might  reduce  its  ability  to  hold 
moisture  and  lessen  chances  of  movement.  On  the  other  hand,  terraces  caused 
by  grazing  could  hold  ininoff  water  back,  curtailing  surface  runoff  and 
gullying,  but  fostering  infiltration.  Woody  vegetation,  which  uses  water, 
may  decrease  soil  moisture,  but  add  substantisilly  to  the  loading  of  the 
slide  and  stress  on  the  shear  zone. 

The  amount  of  sediment  which  is  placed  in  streams,  naturcLLly  and 
by  man's  aggravation,  from  slides  is  largely  unknown.   Such  slides  are  found 
on  the  main  stem  of  the  Eel  River  from  Eel  Rock  to  the  vicinity  of  Hearst 
along  the  lower  reaches  of  the  Black  Butte  River,  on  the  Middle  Fork  Eel 
River  above  the  Covelo  Ranger  Station,  and  somewhat  locally  elsewhere. 

The  management  of  these  areas  will  be  important  to  the  development 
of  water  projects  in  the  Eel  River  Basin,  as  their  lack  of  stability  often 
causes  undesirable  effects. 

Vegetative  Management  Problems 

Timber  Harvesting  Practices.  Timber  harvesting  is  an  industrieuL 
process  whereby  standing  trees  are  felled,  trimmed,  bucked,  yarded,  and 
transported  out  of  an  area.   It  is  a  harvest  of  commercial  forest  crops,  and 
cem  represent  the  reward  for  years  of  care,  fire  prevention,  and  husbandry. 
It  can  represent  the  repayment,  in  many  cases,  of  a  sizable  investment  for 
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the  landowner  and  timber  operator.   Timber  harvesting  is  a  necessary  part 
of  timber  forestry,  and  an  absolutely  irreplaceable  item  in  an  economy 
based  on  forest  products. 

However,  it  has  been  the  subject  of  a  great  deal  of  criticism 
because  of  damages  attributed  to  associated  resources.   It  has  frequently 
been  asserted  that  timber  harvesting  is  the  triggering  action  which  has 
caused  accelerated  erosion,  fisheries  resource  reduction,  site  depletion, 
increases  of  flood  potential  and  fire  hazard,  and  changes  of  climate  and 
streeunflow  regimen. 

The  outstanding  immediate  effects  of  timber  harvesting  are: 
(l)  the  temporary  removal  of  the  vegetative  cover;  (2)  the  distvirbance 
resulting  from  dragging  harvested  logs  across  the  soil;  (3)  the  effects 
resulting  from  the  construction  of  logging  roads.  This  last  factor  is,  in 
most  cases,  the  most  important. 

The  temporary  removal  of  the  forest  vegetation  is  necessary  by  the 
definition  of  timber  harvesting.   If  the  crop  is  to  be  harvested,  the  tree 
stems  must  be  removed  from  the  forest  to  be  processed  elsewhere.   In  the 
removal,  logs  are  dragged  by  a  variety  of  means  both  uphill  and  down  to  a 
collecting  location  where  they  are  loaded  on  tmicks  or  flat  cars  eind 
shipped  elsewhere.   Often  this  leads  to  a  great  deal  of  disturbance  in  the 
surface  layers  of  soil,  gouging  minature  channels  and  injuring  smaller  trees 
and  plants.   Thus,  at  this  stage,  a  degree  of  the  protective  cover  has  been 
removed,  exposing  freshly  turned  soil  and  jxatential  raw  runoff  channels 
to  the  elements.   Ensuing  rains  promote  erosion,  the  magnitude  depending 
upon  the  severity  of  the  disturbance.  Using  present  methods,  and  with 
present  values  of  site  and  timber,  it  is  almost  impossible  to  avoid  some 
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degree  of  the  damage  described  above.  The  damage  can  and  should,  however, 
be  kept  to  a  conscientious  minimum.  On  the  steeper  slopes,  especially  over 
50  percent,  where  conditions  and  economics  allow  it,  high  lead  logging  may- 
well  be  the  best  logging  method  to  minimize  erosion.  In  high  lead  logging, 
roads  tend  to  be  fewer  and  generally  located  more  toward  the  ridge  tops  and 
up  out  of  the  stream  bottoms.  The  problems  of  skid  trails  converging  to 
landings  and  the  consequent  concentration  or  funneling  of  water  is  avoided. 

The  necessary  roads  which  must  accompany  timber  harvesting  are 
usually  the  most  profound,  although  unappreciated,  by-products  of  the  operation. 
Roads  in  general  are  covered  in  more  detail  elsewhere  in  this  report,  but 
their  connection  with  logging  and  erosion  should  be  acknowledged.   In  con- 
nection with  logging,  they  tend  to  be  of  only  temporaiy  service,  designed 
for  the  life  of  the  operation.  They  are  usually  of  a  natural,  or  soil  base, 
formed  conveniently  with  bulldozers,  and  for  skid  trails,  abandoned  when 
their  utility  is  no  longer  desired.  Cuts  in  slopes  deposit  raw  soil  on  the 
downhill  fill  and  undermine  soil  on  the  uphill  cut.  Use  of  the  road  promotes 
compaction  and  therefore  reduces  infiltration.  This  and  the  channelized 
nature  of  the  roadbed  encourages  the  collection  of  surplus  waters  and  subse- 
quent flow  down  road  cuts.   Channel  erosion  in  the  roadway  results,  emd  where 
fineilly  drained,  erosion  of  the  fills.   Stream  crossings,  if  culverted,  often 
contain  high  outfalls,  and  erosion  at  that  point  results  from  the  expenditure 
of  the  kinetic  energy  of  falling  water  on  unprotected  fill.   Under  extreme 
conditions,  all  of  the  above  damages  can  occur  at  a  single  site,  although 
it  is  more  common  to  find  individual  examples  in  scattered  operations. 

In  the  Eel  River  Basin,  damage  due  to  timber  harvesting  is 
naturally  greatest  where  most  of  this  activity  occurs;  i.e.,  in  the  redwood 
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belt.  Adding  to  the  complex  problem  is  the  occurrence  of  large  timber, 
fragile  soils,  steep  slopes,  heavy  rainfall,  and  the  economic  demand  for 
harvest.   In  the  fir-pine  areas,  damage  is  generally  not  as  severe  because 
of  reductions  in  these  factors,  and  because  of  the  more  spotty  occurrence 
of  the  timber  and  strict  timber  harvesting  controls  demanded  by  the  U.  S, 
Forest  Service  on  National  Forest  lands. 

The  detrimental  consequences  of  timber  harvesting  are  both  on-site 
and  downstream.   The  on-site  effects  are  subtle  and  include  the  expenses  of 
maintaining  an  eroding  roadvay,  the  reduction  of  timber  grovth  potential, 
and  the  increase  of  fire  hazard.   The  downstream  effects  include  all  the 
flood,  debris,  and  erosion  items  mentioned  under  the  section  on  Sediment , 
but  by  far  the  most  publicity  has  been  centered  on  the  effects  of  logging 
on  the  fisheries  resource.   Evans—/  outlined  three  means  by  which  this  is 
affected  by  current  West  Coast  logging  practices.  These  are: 

1.  Covering  up  and  smothering  fish  eggs  and  food  organisms 
with  soil. 

2.  Alteration  of  vegetation  causing  variations  in  flow  regimes; 
especially  by  reducing  summer  flows  and  increasing  summer  water 
temperatures. 

3.  Decomposition  of  slash  in  streams,  causing  oxygen  de- 
ficiencies.  Other  effects  include  the  blocking  of  streams,  with 
logging  debris,  the  cmshing  of  eggs  in  stream  crossings,  the 
compaction  of  spawning  gravels  by  logging  equipment,  and  the 


2/  Evans,  W.  A.,  "The  Effect  of  Current  West  Coast  Logging  Upon  Fishery 
Resources."  Proceedings  of  the  Society  of  American  Foresters, 
pp.  106-8.  1959. 
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encouragement  of  erosion  and  sediment  production  through  soil 
distiirbance  and  exposure.  Many  of  these  items,  and  timber  harvest- 
ing problems  in  general,  are  of  comparatively  recent  origin,  being 
the  product  of  a  mechanized  society,  and  advancing  with  the  advent 
of  large  logging  machinery,  large  scale  operations,  sudden  and 
complete  denudations,  and  high  speed  traffic. 

That  reduction  of  fisheries  in  the  Eel  River  Basin  has  occurred 

is  a  matter  of  record.   Calhoun^  described  this  as  follows  in  discussing 

the  South  Fork  Eel  River: 

"The  present  (1962)  condition  of  much  of  this  watershed  is 
deplorable.  And  the  fish  have  suffered  badly,  especially  salmon. 
Runs  of  king  (salmon),  counted  over  Benbow  Dam,  dropped  from  a  14- 
year  average  of  11,831  adults  prior  to  1952,  to  a  nine-year  average 
of  3^735  since  then.  The  decline  coincides  almost  exactly  with  the 
great  logging  boom  in  this  area  after  the  war.  Silvers  have  followed 
the  same  pattern.  Steelhead  seem  to  be  more  resistant  and  they 
have  suffered  less." 

Statistical  analysis  of  these  data  shows  highly  significant 
declines  of  king  salmon,  silver  salmon,  and  steelhead,  the  run  being 
reduced  to  about  half  of  its  former  size.  A  mass  curve  demonstrating 
this  decline  is  shown  on  Figure  1.   The  scientific  method,  however, 
demands  that  a  number  of  explanatory  hypotheses  be  offered  to  explain 
a  phenomenon,  and  then  siiffer  systematic  disproval.   One  might  speculate 
that  the  decline  of  the  anadromous  fish  r\in  at  Benbow  was  caused  by 
diseases,  increases  in  sport  or  commerciaJ.  fishing,  adjustments  in 


3/  Calhoun,  Alexander.   "Logging  Damage  to  Streams."  Paper  presented 
to  California  Fish  and  Game  Commission.   November  9,  I962. 
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Figure  I.   MASS   CURVES   OF  FISH    COUNTS    ATBENBOW    BY    SPECIES 
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nvmibers  of  predators,  or  perhaps  because  of  the  undesirable  effects  of 
timber  harvesting  operations. 

The  act  of  timber  harvesting  need  not  be  unnecessarily  destructive, 
nor  need  all  consequences  thereof  be  undesirable.   Often  the  wildlife 
habitat  is  improved  by  it,  and  increases  of  summer  streamflow  have  been 
known  to  occur  after  logging  in  various  areas.  \Ihile   the  topographic  and 
climatic  characteristics  of  the  Eel  River  Basin  make  it  impossible  to  avoid 
some  soil  damage  by  present  timber  harvesting  methods,  this  injury  can  be 
kept  to  a  minimum.  However,  as  a  general  rule,  improvement  of  logging 
techniques  to  make  them  compatible  with  other  land  use  consumes  profits, 
and  a  commercial  enterprise,  which  exists  because  of  the  profit  incentive, 
shuns  this  hygiene. 

Timber  harvesting  methods  aj"e  a  matter  of  economics  for  all 
jiarties  concerned.   The  logger  and  the  landowner  seek  to  accomplish  a  given 
specific  task  with  a  minimum  of  immediate  financial  expense.  Those  con- 
cerned with  the  overall  resource  development  of  sji  area  wish  to  accomplish 
the  maximinn  benefit  to  all  resources,  including  the  soil,  water,  and 
fisheries.  The  fishing  enthusiast  would  no  doubt  like  timber  harvesting 
ceased  completely  in  areas  tributary  to  angling  streams.  Thus,  the 
justification  for  timber  harvesting  cannot  be  based  only  upon  a  consideration 
of  the  net  benefits  derived  from  any  one  resource,  but  also  upon  the 
damages  (or  benefits)  which  will  accrue  to  associated  natural  resources 
as  a  result  of  the  use  of  that  resource.  This  theory  is  not  always 
practiced  in  private  enterprise,  which  normally  has  little  economic 
interest  in  downstream  activities,  but  is  accepted  as  fact  by  most 
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concerned  federeLL  and  state  agencies.   It  is  made  vividly  clear  in  the 
case  of  timber  harvest. 

This  conflict  is  one  of  the  most  direct  examples  of  the  use  of 
one  resource  damaging  the  use  of  another.  Both  uses  are  valid,  and 
certainly  neither  should  be  discontinued  because  of  the  other.  There  does 
appear  to  be  a  need  for  all  factions  to  recognize  the  veuLidity  of  the 
other  uses  of  land  and  water. 

Grazing.  The  use  of  wild  lands  for  grazing  takes  place  over 
large  areas  in  the  Eel  River  Basin.  The  earlier  agricultural  enterprises 
in  the  area  were  small  family  farms  and  larger  ranches,  and  today  almost 
all  the  nonurban  and  wild  lemds  are  grazed  by  domestic  stock  to  some 
extent  with  the  exception  of  state  parks  and  certain  commercieil  forests. 

The  north  coastal  prairie  (see  previous  discussion  under 
Vegetation )  constitutes  some  of  the  best  natural  grassland  range  in  the 
State.   In  its  original  condition,  the  unit  grazing  capacity  of  the 
entire  California  prairie  was  in  the  neighborhood  of  2  acres  per  animal- 
unit  month.  A  history  of  uncontemplated  use  has  edtered  this  to  about 
3.8  acres  per  animal -unit  month,  which  is  still  superior  to  oak -woodland 
{h.^),   coniferous  woodland  (7.8)  and  chaparral  (36.O).  This  large  difference 
in  grazing  capacities  may  explain  some  landowners'  devotion  to  the  use  of 
fire  (or  any  other  means)  to  convert  brushlands  to  grass.  While  only  a 
small  percentage  of  the  grazing  lands  are  pure  grasslands,  larger  amounts 
are  woodland  and  woodland -grass,  comprising  together  some  670,000  acres, 
or  28  percent  of  the  total  land  area.  The  grazing  capacities  of  different 
kinds  of  ranges  are  shown  in  Table  6. 
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TABLE  6 

PRISTINE  AND  PRESENT  GRAZING  CAPACITIES 
OF  RANGE  LAJNDS  IN  THE  EEL  RIVER  WATERSHED 

(ah  figures  In  acres  per  animal-unit  month) 


Kind  of  range  \                Pristine  ;      Present 

California  prairie-^  2.0  3.8^ 

Oak-woodland  2.2  k,3 

Coniferous  woodland  3,2  7.8 

Coniferous  forest  18.0  30.0 

Chaparral  15.0  36. 0 


Source:  Burchain,  L.  T.   "California  Flange  Land."  State  of  California, 
Division  of  Forestry,  Department  of  Natiiral  Resoxirces.  26I  pp. 
1957. 


Ranches  are  scattered  throughout  the  interior  of  the  Eel  River 
Basin,  with  prominent  concentrations  in  the  central  belt  of  grass  and 
woodland.  There  is  usually  very  little  level  land  except  on  ridge  tops, 
and  most  ranges  are  on  steep  slopes.  Both  cattle  and  sheep  are  presently 
grazed,  but  there  have  been  goats  and  swine  as  well,  the  latter  two  having 
been  especially  destructive.  Much  of  the  rangeland,  especial  1  y  that  used 
by  sheep,  is  grazed  throughout  the  year. 

Scattered  examples  of  \inq.uestionable  soil  damage  by  grazing 
animals  are  present,  usually  in  somewhat  inaccessible  locations  and  already 
barren  situations.  Most  prominent,  especially  from  an  aerial  view,  are 
erosion  rivulets  on  grassed  hillsides.  It  would  be  difficult  to  attribute 


V  Includes  north  coastal  prairie. 
5/  Termed  grassland  in  source. 
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these  to  emything  except  grazing  activities,  as  this  is  essentially  the 
only  use  these  areas  receive.  Typically,  these  rills  are  small  and 
locally  numerous,  occurring  on  landslide  topography  on  clayey  soils,  the 
blue  underlayers  standing  out  in  contrast  to  the  plainer  adjacent  horizons. 
Areas  on  some  higher  ridge  tops  of  the  central  and  eastern  extremes  show 
evidence  of  soil  loss  from  historic  overgrazing  by  sheep,  followed  up 
with  erosion  by  water  ajid  wind.   Sheep  trails  on  hillside  ranges  can  be 
seen  throughout  the  same  area,  sometimes  being  so  dense  as  to  nearly  cover 
the  entire  horizontal  range  area.  These  trails  undoubtedly  compact  the 
soil,  cause  channelization  of  flow,  and  reduce  infiltration,  but  signs  of 
damage  which  can  reasonably  be  attributed  to  this  situation  (besides  the 
trails  per  se)  are  not  numerous.   On  Yorkville  soils,  it  is  conceivable 
that  the  removal  of  grasses  as  a  water  user  causes  some  acceleration  of 
sliding.  Also,  it  is  possible  that  the  presence  of  sheep  trails  contribute 
to  the  collection  and  impoundment  of  water  on  potential  slide  areas,  thereby 
fostering  infiltration  into  the  slide  zone. 

Thus,  although  grazing  uses  a  larger  area  of  land  than  auiy  other 
activity  discussed,  the  magnitude  of  its  net  effect  is  not  known  to  any  real 
degree  of  accuracy.  Even  though  the  livestock  industries  throughout  the 
nation  are  tending  towards  feedlots,  concentration  of  operations,  and  larger 
and  more  efficient  efforts,  very  little  change  is  expected  in  the  Eel  River 
Basin  because  of  the  existing  favorable  conditions.  The  effect  of  range  use 
upon  watershed  management  therefore  can  only  be  safely  assessed  as  minor, 
as  the  total  effect  is  most  difficult  to  determine.  There  is  no  sound  reason 
why  grazing  under  good  range  management  practices  should  be  incompatible  with 
watershed  management;  especially  if  there  is  a  continiiing  educational  effort 
to  keep  ranchers  informed  of  current  developments  in  the  field. 
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Fire.  As  with  other  topics  discussed  in  this  report j  the  use  and 
occurrence  of  fire  as  it  may  affect  the  general  field  of  watershed  management, 
is  the  subject  of  much  controversy.  Although  of  more  importance  in  selected 
areas  outside  of  the  Eel  River  Basin,  it  is  of  sufficient  interest  to  merit 
discussion  here. 

The  first  explorers  in  Central  ajid  Northern  California  found  the 
native  Indians  using  fire  to  a  limited  extent  to  rout  game  and  enhance  travel 
in  dense  forest  and  brush  stands.-'  '  ^      The  extent  to  which  it  was  used  cannot 
be  accurately  determined,  although  all  extremes  are  claimed,  ajid  its  effect 
upon  the  native  vegetation  has  been  similarly  speculated  upon.  The  first 
American  settlers  and  miners  used  fire  annually  to  clear  the  range,  to 
encourage  grasses  and  tender  brush  shoots  for  the  consumption  of  introduced 
stock,  axid  to  expose  rock  strata  of  covering  vegetation.  Very  little  control 
was  applied  to  these  fires,  and  they  often  spread  indiscriminately  to  adjacent 
lands  and  did  unnecessary  damage,  requiring  winter  rains  to  extinguish  them. 
Besides  intentionally  set  brush  fires,  a  small  number  of  fires  occur  annually 
in  the  Eel  River  Basin  which  originate  naturally  from  lightning,  although  in 
some  years  they  have  been  locally  numerous. 

From  a  hydrologic  sense,  fire  cein  be  considered  as  a  factor  which 
alters  the  first  stage  of  the  hydrologic  cycle.  The  burning  of  wild  lands 
affects  both  the  soil  and  the  vegetative  cover  in  direct  and  indirect  manners. 
Thus,  those  features  of  the  runoff  process  which  are  affected  by  the  soil 
and  vegetation  are  correspondingly  influenced.  These  features  are  inter- 
ception, stemflow,  infiltration,  detention  and  retention  storage,  and 


6/  Sampson,  A.  W.   "Plant  Succession  on  Burned  Chaparral  Lands  in  Northern 

California."  California  Agricultural  Experiment  Station.  Bulletin  No.  685. 

\\\   pp.  \^h. 
7/  Burcham,  L.  T.   "Planned  Burning  as  a  Management  Practice  for  California 

Wild  Lands."  Proceedings  of  the  Society  of  American  Foresters,  pp.  I8O-5. 

1959. 
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evapotranspiration.  The  obvious  effects  include  tbe  consumption  through 
fire  of  the  organic  litter  and  the  covering  vegetation  itself,  the  destruc- 
tion of  seed  sources,  ajid  chemical  and  physical  alterations  of  the  soil 
maxLtle. 

The  question  of  range  burning  arises  and  becomes  especially  acute 
on  brush  lands,  where  resident  ranchers  must  derive  income  from  grazing  these 
lands.  Fresh  chamise  sprouts  possess  a  succulence  which  sheep  and   deer  desire, 
and  as  a  result  chamise  lands  are  frequently  burned  for  the  benefit  of  sheep. 
Attempts  are  often  made  to  convert  bnish  or  timberlsjids  to  grazing  grasslands 
by  using  fire.  These  attempts  can  be  successful  in  some  locations  if  properly 
applied  and  followed  up,  but  can  easily  be  only  a  minor  setback  in  plant 
succession,  with  the  end  result  that  a  need  for  an  additional  burn  soon  arises. 
As  all  soils  are  not  capable  of  maintaining  a  permanent  grass  cover  if  con- 
verted, mistaices  in  site  selection  occur  and  brush  is  often  the  end  result. 
This  sometimes  is  the  case  on  marginal  timberland  where  an  attempted  conver- 
sion followed  logging.  In  this  respect,  the  existing  soil-vegetation  maps 
and  surveys  can  be  vised  to  advantage. 

The  net  hydrologic  effect  of  biirning  brushleuids  in  California  is 
a  much  researched  project.  With  full  knowledge  of  then- present  conflicts 
of  opinion,  Adams,  Ewlng,  and  Huberty^  conducted  a  scholariy  review  of  past 
research  and  literature  on  the  subject,  and  concluded  that  "burning  can  be 
neither  supported  nor  condemned  for  all  conditions  and  situations  in  the 
California  brush  and  woodland-grass  ranges  or  watersheds."  This  was  followed 
by  denials  that  range  burning  in  Northern  California  was  detrimental  to 
water  conservation.  Other  researchers,  equally  highly  respected,  found 


8/  Adams,  Frank;  Ewlng,  Paul  A.j  and  Huberty,  Martin  R.   "Hydrologic  Aspects 
of  Burning  Brush  and  Woodland-Grass  Ranges  in  California."  State  of 
California,  Department  of  Natural  Resources.  84  pp.  19^7' 
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definite  erosion  and  riinoff  effects  from  burning  brush  cover  in  different 
locations  in  Northern  California.  Almost  all  have  agreed  that  additional 
clarification  through  more  research  was  needed.  The  Eel  River  Basin  contains 
chaparral  Isuids  to  the  extent  of  about  175,000  acres  and  grass  and  woodland- 
grass  of  about  575,000  additional  acres.  Together  with  the  oak -woodland, 
they  comprise  close  to  one-third  of  the  area  of  the  entire  watershed,  and  a 
past  history  of  fire  has  no  doubt  been  instrumental  in  forming  present 
conditions. 

Uncontrolled  fire  can  have  the  natural  direct  effect  of  consuming 
standing  timber  which  may  constitute  am   economic  loss  of  importajit  propor- 
tions. According  to  Fritz^,  fire  has  done  great  damage  to  standing  redwoods, 
even  though  in  years  past,  a  popular  conception  has  been  that  fire  helps  red- 
woods. Although  the  classical  western  United  States  forest  fire  does  occur 
in  the  Eel  River  Basin,  crown  fires  reminiscent  of  the  infamous  Southern 
California  infernos  are  not  the  usual  case. 

Whatever  the  benefits  or  damages  from  burning  are,  it  is  presently 
used  as  a  tool  of  land  management  in  the  Eel  River  Basin.  Burning  permits 
for  private  lands  are  issued  during  the  period  of  the  year  April  1  to 
December  1  (in  accordance  with  Section  4l53  of  the  Public  Resources  Code,  as 
amended  I963)  by  the  California  Division  of  Forestry,  and  burners  must  meet 
requirements  of  adequate  protection  against  unplanned  and  uncontrolled  occur- 
rences. Grasslands  and  brushlands  are  frequently  burned  to  encourage  fresh, 
tender,  winter  growth,  and  even  some  timberlands  are  thus  treated.  Present 
responsibility  for  the  control  of  fires  on  National  Forests  rests  with  the 
U,  S.  Forest  Service,  and  for  certain  state  and  private  Ismds  with  the 
California  Division  of  Forestry. 


9/  Fritz,  E.   "The  Role  of  Fire  in  the  Redwood  Region."  California  Ag. 
Exp.  Sta.   Circ.  323,  pp.  1-23.   1932. 
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The  question  of  the  use  of  fire  for  leuad  treatment  remains  a  moot 
point.  It  is  tolerated  by  managing  agencies  in  deference  to  local  opinions 
and  desires.  While  the  safest  approach  wovild  be  to  reduce  burning  to  prudent 
limits,  it  probably  does  not  have  a  valid  place  with  proper  application  in  the 
Eel  River  Basin. 

Phreatophytes.  In  certain  parts  of  the  arid  west,  the  problem  of 
excessive  water  consumption  by  riparian  vegetation  of  questionable  economic 
value  has  received  considerable  attention.  Those  forms  of  vegetation  which 
habitually  obtain  their  water  supply  from  the  zone  of  saturation  ajid,  under 
proper  conditions  consume  it  in  significant  quantities,  are  termed  phreato- 
phytes or  "well-plants."  Althoiigh  the  distinction  between  phreatophytes  and 
other  plant  groups  is  not  entirely  defined,  in  the  arid  regions  the  phreato- 
phytes form  a  fairly  distinct  class,  sjid  certain  species  occupy  this  niche 
more  readily  than  others,  lypical  phreatophytes  in  the  southwest  are  willows, 
cottonwoods,  alder,  mesquite,  and  salt  cedar.  In  seme  sections  along  the 
Salt  River  in  Arizona,  dense  stands  of  riparian  salt  cedar  transpire  about 

7  acre-feet  of  water  per  acre  ajmually,  a  substantial  amount  in  a  water- 

10/ 
conscious  area — . 

Translating  this  to  the  Eel  River  requires  a  re- examination  of  the 

problem.  The  most  importemt  fact  in  this  respect  is  that  water  is  a  surplus 

commodity  in  the  Eel  River  Basin  in  the  winter  and  spring  months.  Present 

riparian  vegetation  undoubtedly  consumes  a  portion  of  the  summer  streamflow, 

but  its  amount  is  unlmown.  However,  there  is  no  reason  to  suspect  that  it 

approaches  the  magnitude  of  the  Arizona  data  cited  above.  The  wisdom  of 


10/  Koogler,  John  G.   "Phreatophyte  Control  on  Irrigation  Projects  in  New 
Mexico."  Transactions  of  the  American  Geophysical  Union,  SS:?**-?* 
1952. 
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denouncing  »n  riparian  vegetation  in  the  Eel  Pliver  Basin  as  phreatophytes 
should  be  criticized,  but  some  attention  should  be  focvised  on  the  possible 
futvtre  spread  of  vindesirable  water- consianing  plants. 

The   most  notorious  phreatophyte  in  the  Southwestern  United  States 
is  salt  cedar,  also  called  tamarisk  (Tamarix  spp.)«  It  is  an  introduced 
plant  to  North  America,  its  origin  being  the  Middle  East,  but  it  has  becrane 
well  naturalized  since  introduction,  ajid  has  invaded  much  of  Arizona,  New 
Mexico,  and  Texas.  Its  seeds  spread  by  water,  germinate  on  bare  sandy 
soils,  and  are  quite  hardy  and  vigorous  in  youth.  Tamarisk  can  form  inpene- 
trable  jungles  in  river  bottoms  and  lake  deltas,  excluding  human  use  of 
land,  although  trapping  sediment  from  flood  waves.  It  is  typically  found 
where  significant  amounts  of  water  flow  throTigh  an  arid  area,  and  it  is  not 
hampered  by  moderately  poor  quality  water. 

If  the  resource  manager  is  concerned  with  the  invasion  of  undesir- 
able vegetation  into  his  domain,  the  occurrence  of  these  invaders  must   be 
considered.  Tamarisk  has  been  located  in  the  channel  of  Cache  Creek  in  Lake 
and  Yolo  Counties,  perhaps  close  enough  to  the  Eel  River  Basin  to  anticipate 
its  appearance  at  some  future  date.  Should  it  arrive,  there  does  not  appear 
to  be  cause  for  undue  alarm,  as  natixral  conditions  of  seedbed,  radiation, 
growing  season,  etc . ,  are  quite  different  than  those  found  in  the  arid 
stretches  of  the  Salt  River. 

Nevertheless,  little  data  are  currently  available  on  this  matter, 
and  the  spread  of  this  plant  should  be  observed  with  more  than  passing 
interest.  Future  activities  in  the  Eel  River  Basin  may  alter  the  environ- 
ment of  some  areas  sufficiently,  as  to  maJce  them  hospitable  for  salt  cedar 
or  other  exotic  water-consuming  vegetation.  Certainly  with  our  knowledge 
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of  its  ja-st  performance,  and  our  lack  of  knowledge  of  its  spread  in 
northwestern  Califomia,  it  should  not  be  brushed  aside  and  forgotten. 

Water  Management  Problems 

The  separate  treatment  of  the  soils,  vegetation,  emd  water  problems 
of  the  Eel  Fliver  Basin  should  not  cause  the  reader  to  suppose  that  they  are 
independent  of  each  other.  Rather,  an  attempt  is  being  made  to  demonstrate 
the  cOTimon  bonds  which  exist  between  one  resource  and  the  others. 

As  outlined  in  the  descriptions  of  the  climate  emd  hydrology  of 
the  subject  area,  the  main  water  problems,  per  se,  are  in  order  of  importance; 
(l)  the  periodic  occurrence  of  damaging  floods,  (2)  low  summer  streeunflows 
injurious  to  both  recreation  and  fisheries,  and  to  other  direct  human  uses. 
What  then,  might  have  been  done,  or  can  presently  be  done,  in  the  field  of 
watershed  management  to  meet  the  needs  posed  by  these  problems? 

Floods.  The  concept  of  watershed  management  has  been  historically 
prompted  by  the  supposed  effects  of  leind  use  on  flood  peaks.  Some  of  the 
earliest  proponents  were  agricultural  agencies,  claiming  that  through 
judicious  management  of  lands  under  their  authority,  significant  reductions 
in  flood  peaks  and  daanages  could  be  achieved.  Unfortunately,  su-guraents  were 
largely  based  on  hearsay,  appeals  to  authority,  and  "arm-chair  philosophy" 
and  very  little  authentic  research  was  underteiken.  Over  the  years, 
scientific  investigations  have  shown  that  general  rules  do  not  apply  to 
this  topic  and  that  each  instance  must  be  evaluated  on  its  own.  A  careful 
review  of  acknowledged  facts,  however,  can  be  helpfva  in  more  adequately 
understanding  this  facet  of  watershed  management. 

Floods  take  place  when  the  discharge  in  a  reach  of  stream  becomes 
greater  than  the  capacity  of  that  reach  and  consequent  overflow  into  the 
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surrounding  area  occurs.   It  usually  is  the  result  of  heavy  and/or  prolonged 
rains,  in  which  the  initial  natural  storage  elements  of  the  hydrologic  cycle 
become  saturated,  and  the  rate  of  runoff  approaches  the  rate  of  rainfall. 
Important  natural  factors  in  flooding  are  the  nature  of  the  precipitation 
and  of  the  drainage  basin  upon  which  it  falls. 

At  the  present  time  man  exercises  no  conscious  control  over  the 
precipitation  which  fall s  on  the  lands  he  inhabits.  Nor  has  he  any  control 
over  the  native  size,  shape,  or  topography  of  the  receiving  watershed.  The 
only  factors  which  are  influenced  by  human  activity  are  the  condition  of  the 
soil  and  vegetative  mantle  which  he  uses,  and  to  a  lesser  extent,  the  channels 
in  which  storm  waters  flow. 

In  many  places  in  the  United  States,  flood  peaks  have  increased 
after  various  kinds  of  land  use  —  timber  harvesting,  grazing,  urbanization, 
burning,  etc.  In  California,  the  case  histories  of  the  fire-floods  sequence 
in  the  Sein  Gabriel  Mountains  adjacent  to  Los  Angeles  are  often  cited.  Equally 
impressive  examples  can  be  found  in  the  Wasatch  Front  in  Utah,  the  Boise 
area  in  Idaho,  etc.  Every  western  state  can  offer  samples.  However,  it 
should  be  noted  that  in  almost  all  cases,  it  was  not  only  the  flood  waters 
themselves  which  have  been  damaging,  but  the  sediment  load  which  accompanied 
the  waters  as  well.  Also,  the  areas  in  question  have  not  been  the  large 
basins  of  major  river  systems. 

In  that  the  soil  and  vegetation  can  absorb  and  detain  waters,  they 
can  aid  in  the  control  of  runoff,  and  thus  affect  the  flood  potentieQ.  of  a 
drainage.  This  csm  be  accomplished  through  vegetative  interception,  by  the 
infiltration  of  waters,  and  by  the  temporary  storage  of  water  in  natured. 
pockets  and  depressions. 
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For  example,  if  a  given  soil  and  vegetation  complex  could  accommodate  an  inch 
of  water  xinder  a  given  condition  of  intensity,  it  might  absorb  100  percent  of 
a  one-inch  storm.  On  the  other  hand,  from  a  storm  of  20  inches  (representative 
of  the  December  1955  storm  and  flood  on  the  Eel  River),  the  soil  would  retain 
only  5  percent  of  the  storm  rainfall.  That  is,  any  rainfall  in  excess  of  the 
absorptive  capacity  of  the  soil  will  become  runoff,  regardless  of  how  the  land 
has  been  used.  This  reasoning  is  especially  cogent  in  the  case  of  a  fresh 
storm  falling  upon  previously  satixrated  land.  Furthermore,  water  absorbed  into 
the  soil  is  not  all  lost  to  streamflow  forever.  These  waters,  too,  can  enter 
surface  streams  through  subsxurface  flow,  and  become  the  base  flow  for  surface 
runoff. 

The  role  of  vegetative  interception  is  also  limited.  For  small 
storms,  the  percentage  of  precipitation  retained  in  vegetation  can  be  qviite 
large.  With  progressively  larger  storms,  however,  although  the  amount  of 
interception  continues  to  increase,  the  percentage  decreases  sharply.  Thus, 
for  small  storms,  the  vegetation  is  significant,  for  large  storms  it  is 
insignificant . 

V/ill  proper  land-use  practices  slo^/  up  the  overland  fiov  of  water 
to  channels,  and  thus  significantly  delay  runoff  and  reduce  flood  peaks? 
It  is  not  difficult  to  envision  that  differences  in  streamflow  regimen  can 
result  from  extreme  variations  in  land  use.   However,  on  small  basins  the 
changes  will  be  significant  only  ii'  the  change  in  time  of  overland  flow  is 
greater  than  the  natural  lag  of  the  basin.  On  larger  watersheds,  the  effect 
becomes  less  pronounced,  though  still  present.  Because  of  the  natural  in- 
tricacies of  the  hydrologic  processes  involved  and  the  many  effects  of  the 
storm  and  the  channel  upon  the  flood  wave,  effects  of  land  management  be- 
come more  difficult  to  detect  as  the  runoff  moves  more  distant  from  its  point 
of  origin,  the  land.  Furthermore,  delaying  flood  peaks  could  yield  undesir- 
able resvats.  The  superimposition  of  tributary  peaks  one  upon  the  other  would 


increase  the  discharge  at  a  junction.  Perhaps  \inder  less  judicious  land 
majia^ement ,  tributary  flows  might  reach  a  junction  out  of  phase  and  thus 
reduce  the  otherwise  expected  peeuk. 

However,  all  uses  of  land  management  to  man's  benefit  in  respect 
to  flood  problems  should  not  be  forsaken.  Recalling  the  high  proportion  of 
flood  damage  from  sediment ,  land  management  should  be  aimed  at  reducing  man- 
caused  and  sometimes  natural  erosion.  As  waters  of  the  flood  category  are 
difficult  to  control  with  vegetation,  all  reasonable  attempts  to  control 
accompanying  soil  movement  should  be  made. 

In  the  Eel  River  Basin,  there  is  reason  to  suspect  that  much  stream- 
caxried  sediment  is  derived  from  channel  adjustments,  either  from  landslides, 
bank  cutting,  or  channel  degradation.  A  good  deal  of  this  erosion  is  the 
result  of  a  natural  geologic  occurrence.  Whether  it  can  or,  indeed,  should 
be  controlled  is  an  unresolved  question. 

On  small  drainages,  flood  potential  can  be  ai'fected  by  the  occur- 
rence of  gully  erosion.  Through  an  incised  network  of  bare  ephemeral 
chsumels,  the  drainage  efficiency  of  an  area  can  be  Increased,  thus  negating 
any  effect  of  vegetation  in  delaying  overland  flow.  The  eroded  sediment 
can  contribute  to  the  downstream  flood  potential  by  raising  river  levels, 
etc.,  as  discussed  previously. 

In  summaj:y,  a  quotation  from  Hoyt  and  Langbelnii/ seems  most 

appropriate : 

"...  it  is  seen  that  the  major  effect  of  improved  land  practices 
is  on  the  regimen  of  (l)  small  streams  and  (2)  small  floods.  Great 
floods  seem  to  overpower  ^n  effects  of  vegetation  and  beaj:  more 
marks  of  the  storm  than  of  the  land  surface." 


11/  Hoyt,  William  G.,  and  Langbeln,  Walter  B.  "Floods."  Princeton  University 
Press,  Princeton,  New  Jersey.  U69  pp-  1955 • 
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Water  Conservation.  There  is,  in  the  Eel  River  system,  a  relatively 
minor  but  very  real  need  for  the  conseirvation  of  winter  flood  waters  for 
release  during  the  suramer  periods  of  low  flows.  These  improved  summer  flows 
would  be  utilized  for  the  improvement  of  recreation  and  fisheries  values, 
and  for  conventional  agricioltural  and  domestic  uses.  The  most  recent  depart- 
mental studies  have  indicated  that  the  probable  water  needs  in  the  Eel  lUver 
Basin  for  the  year  2020  will  approximate  300,000  acre-feet  aimually.  About 
a  third  of  these  needs  were  distributed  in  the  uplajid  valleys  and  two-thirds 
were  in  the  vicinity  of  the  Eel  River  Delta. 

This  future  need  woxild  presumably  be  satisfied  by  storage  plans  as 
proposed  by  federal  and/ or  state  agencies,  exporting  some  siirplus  stored 
waters  and  controlling  floods  at  the  same  time.  In  a  system  of  large  dams 
and  reservoirs,  some  small  but  urgent  local  demands  for  agricultural, 
fisheries,  or  domestic  water  coiild  fail  to  be  served  because  of  their  in- 
opportune locations.  Smaller  projects,  which  might  serve  as  alternates  in 
local  service  are  difficult  to  locate,  plaji,  operate,  and  fineuice. 

Because  of  the  erratic  nature  of  the  rainfall  eind  runoff  in  the  Eel 
River  Basin,  smd  because  of  the  relative  lack  of  natural  storage  or  aquifers, 
the  eunount  of  flow  in  the  summer  months  is  largely  a  function  of  the  amount 
of  water  which  can  be  stored  in  the  soil  and  rock  mantle,  which  is,  in  turn, 
partially  influenced  by  the  covering  vegetation.  As  the  essence  of  the  water 
supply  problem  is  a  leick  of  summer  surfax:e  flow  in  a  region  of  surplus  winter 
flows,  what  steps  in  land  management  might  conceivably  be  taJcen  to  alter  the 
natural  regimen  of  streams  to  increase  the  total  usable  yield? 

In  certain  areas  and  under  certain  conditions,  total  water  yield 
as  well  as  summer  flows  can  be  increased  by  the  judicious  removal  of  vegetation. 
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In  fact,  such  has  been  sometimes  noted  after  fires  or  logging.   Conditions 
requisite  for  this  treatment  are  a  deep  soil  mantle,  with  an  original  deep- 
rooted  vegetation  to  be  removed,  and  native  geology  of  such  structure  that 
salvaged  vater  will  appear  on  the  surface.  Water  not  consumptively  used 
during  summer  months  then  seeps  out  where  aquicludes  or  the  water  table 
intersect  the  ground  surface.   It  must  still  reach  a  point  of  use  before  a 
benefit  can  be  asserted,  and  unless  tapped  at  the  ground  water  outlet  (in 
effect,  a  spring),  there  is  considerable  danger  of  losing  all  or  part  of  the 
salvaged  flow  as  seepage  into  drier  areas. 

The  California  Division  of  Forestry,  in  cooperation  with  the  Pacific 
Southwest  Forest  and  Range  Experiment  Station  of  the  U,  S.  Forest  Service  and 
the  Department  of  Water  Resources,  has  initiated  a  watershed  study  project  on 
Caspar  Creek  near  Ft.  Bragg.  This  study  is  planned  to  eventually  yield  at 
least  some  streamflow  data  as  affected  by  logging  in  one  portion  of  the  drain- 
age. However,  the  only  current  long-term  established  research  on  this  matter 
in  the  North  Coastal  area  is  at  the  Hopland  Field  Station  of  the  University 
of  California,  about  35  miles  southeast  of  Willits,  in  the  Russian  River 
drainage.   Here,  a  200-acre  oak-covered  watershed,  with  an  intermittent  draining 
stream, vmderwent  treatment.  Almost  all  resident  oaks  were  poisoned  in  the 
treatment,  and  the  stream  became  perennial  the  following  water  year.  Low 
sustained  summer  flows  approximated  10  gallons  per  minute  (1/^5  of  a  second- 
foot).  This  amount,  seemingly  low,  if  utilized  at  the  watershed  mouth,  could 
support  a  small  community  of  about  100  persons  or  several  acres  of  irrigated 
crops.  Concurrently,  the  remge  forage  production  on  the  treated  watershed  was 
increased  considerably.  An  adjacent  drainage,  ko   acres  in  size,  was  burned  to 
remove  vegetation,  and  similajrly  gaged.   Summer  surface  flows  did  not  increase 
at  all,   due  to  the  fact  that  early  season  flows  sank  into  channel  bottom  sand 
before  reaching  the  point  of  measurement.   It  should  be  noted  that  these 


experiments  were  carried  out  on  small  drainages,  and  dealt  with  what  amounted 
to  only  a  trickle  of  water. 

Could  such  applications  of  judicious  vegetative  removal  be  made  in 
the  Eel  River  Basin?  Even  if  the  question  could  be  euiswered  accurately,  it 
would  have  little  import,  as  there  are  no  suitable  locations  without  an 
alternate  source  of  a  more  conventional  nature.  Sample  locations  might  be 
Fort  Seward  or  Alderpoint  (on  the  Eel  River),  Covelo,  Laytonville,  or  Willits 
(in  alluvial  valleys  with  usable  ground  water  reserves).   In  short,  the 
prospect  is  made  unnecessary  by  the  small  population,  with  concentrations  at 
existing  available  sources  of  water.  There  could  be  limited  application  by 
ranchers  to  provide  stockwater  with  a  concurrent  range  improvement  program  on 
<^an  drainages.  Such  programs,  if  successful,  have  been  demonstrated  to  be 
economiceuLly  feasible. 

Another  approach,  that  of  influencing  summer  runoff  by  the  mainte- 
nance and  encoviragement  of  vegetation  is  scmetimes  mentioned.  Numerous  small 
streams  in  the  redwood  belt,  which  receive  a  minimum  of  about  75  inches  of 
precipitation  ajinuELLly  and  are  heavily  covered  with  vegetation,  flow  sill 
simmer;  apparently  as  a  resiilt  of  storage  of  water  in  the  soil  and  rock  mantle, 
which  are  prompted  by  high  infiltration  rates  and  deep  soils  in  the  forest 
conmiunity.   Canoe  Creek,  draining  about  10  square  miles  in  Humboldt  County  and 
relatively  unused,  was  found  flowing  at  an  estimated  one  second-foot  of  flow 
in  mid-September  I962.   Similarly  Elk  Creek,  near  Canoe  Creek,  draining  about 
6  square  miles  was  flowing  at  a  similar  discharge,  as  were  Panther  and  Cuneo 
Creeks,  both  tributary  to  Bull  Creek.   Eider  Creek,  a  virtually  untouched 
tributary  to  the  South  Pork  Eel  River  near  Branscomb,  which  drains  6.5  square 
miles,  usually  flows  the  year  round.   Undoubtedly,  other  examples  exist,  requir- 
ing only  documentation  and  measurement  to  substantiate  their  magnitudes. 


The  role  of  vegetation  with  respect  to  the  redistribution  of  seasonsJ. 
flows  might  then  be  questioned.  Assuming  that  the  presence  of  forest  or  brush 
growth  on  a  drainage  will  act  to  detain  siirface  runoff,  emd  thus  promote 
infiltration  and  storage  of  water  in  the  soil  profile,  of  what  magnitude  and 
importance  is  it?  As  a  portion  of  the  additional  water  will  be  consumed  by 
vegetation  during  the  growing  season,  the  amount  of  storage  which  is  promoted 
by  the  vegetation  must  exceed  the  potential  summer  cons\mrptive  use  of  the 
vegetation,  or  be  placed  at  such  depth  as  to  be  inaccessible.  Normal  water 

losses  (precipitation  minus  mnoff )  in  the  Eel  River  Basin  vary  from  20  to 

12/ 
30  inches — '  .  Therefore,  using  2  feet  of  water  as  a  working  figure,  the 

vegetation  and  soil  complex  would  be  required  to  promote  a  good  deal  more  them 

this  amount  of  water  to  storage,  as  some  water  would  drain  during  the 

wet  season. 

Complexities  enter  into  this  anaJ-ysis  upon  further  examination. 
Contemplation  encourages  further  questioning  of  the  present  role  of  vegetation: 
is  it  a  partial  cause  of  streamflow,  or  merely  a  concurrent  effect  of  the 
rainfall?  Examples  of  late  summer  flows  are  foimd  in  both  essentially  virgin 
and  heavily  damaged  areas  --  as  is  illustrated  by  comparing  Canoe  Creek  with 
neighboring  Cimeo  Creek.  Canoe  Creek  drains  portions  of  Hianboldt  Redwoods 
State  Park  near  Weott,  while  Cuneo  Creek  is  a  tributary  to  Bull  Creek,  drain- 
ing highly  eroded  slopes  with  very  little  covering  forest. 

Thus,  because  of  conflicting  examples,  no  positive  statement  caji 
be  made  concerning  this  speculated  effect.   It  can,  however,  be  observed  that 
these  late  summer  flows  do  occur  in  areas  receiving  heavy  precipitation,  and 
some  summer  fog.  More  detailed  statements  can  be  safely  made  only  upon 


12/  Rantz,  S.  E.   "Surface  Water  Hydrology  of  Coastal  Basins  of  Northern 
California."  U.  S.  Geologiceil  Survey,  Water  Resources  Division, 
Menlo  Park,  California.   (Prepared  in  cooperation  with  the  California 
Department  of  Water  Resources. )  97  pp.  19 6I. 
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scientific  euialysis  of  records  of  streamflow,  precipitation,  fog  and  fog  drip, 
geology,  and  soil  ajid  litter  moisture  studies. 

Sediment.  Although  not  immediately  evident  to  a  casual  observer, 
there  is  a  great  deal  of  sediment  transixsrted  in  the  Eel  River  and  its  trib- 
utaries. In  part,  this  is  the  natural  product  of  geologic  erosion  and  mass 
wasting.   The  erosion  contribution  to  this  process,  covered  elsewhere  in  this 
report,  provides  the  particles  to  be  transjKjrted  by  water  to  the  various  loca- 
tions where  deposit  may  occur.  The  three  actions  --  erosion,  transportation, 
and  deposition  --  occur  time  and  time  eigain,  until  the  particles  eventually 
precipitate  into  the  oceem. 

Typically,  movement  of  fine,  suspected  sediment  in  the  Eel  River 
system  varies  directly  with  the  flow.   However,  variation  in  suspended  sedi- 
ment discharge  changes  with  the  seasons,  a  more  sensitive  response  with  flow 
occurring  in  the  fall  and  early  winter  months  than  in  the  late  winter  eind 
spring  months.  A  curve  showing  the  variations  in  this  response  closely 
resembles  the  hysteresis  curve  familiar  to  students  of  electrical  engineer- 
ing. This  curve  is  shown  in  Figure  2.  Most  of  the  sediment  flow  appears  to 
occur  during  a  small  percent  of  the  time,  thus  escaping  the  eye  of  most 
observers.  A  curve  illustrating  this  phenonenon  is  shown  in  Figure  3. 

While  sediment  is  composed  of  common  particles  of  soil  and  rock 
which  have  become  waterbome,  its  role  in  the  water  is  markedly  different  than 
on  the  soil  surface.  While  on  the  land  it  occupies  a  position  near  the 
"source  of  life,"  in  the  stream  chemnels  it  tends  to  be  "life  destroying." 

Perhaps  the  effect  of  sediment  upon  the  fisheries  resource  should 
be  noted  first.   Due  to  the  manner  in  -which  the  reproduction  segment  of  the 
life  cycle  of  anadromous  fishes  takes  place,  the  smaller  sediment  particles 
are  of  major  concern.  When  salmon  and  steelhead  eggs  are  deposited  in 
stream  gravels,  oxygen  must  be  transferred  from  the  water  to  the  eggs  in 
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order  to  maintain  life.  When  finer  particles  of  sediment  are  allowed  to 
precipitate  onto  the  eggs,  the  oxygen  supply  is  cut  off,  and  the  egg« 
smother  under  a  blanket  of  muck.  Moreover,  deposition  of  these  fine  sedi- 
ments as  well  as  larger  size  classes  reduce  the  aquatic  insect  production, 
\diich  constitutes  a  major  food  source  for  these  fish. 

The   deposition  of  sediment  can  have  more  subtle  effects.  By  the 
mere  presence  of  their  volume  in  a  stream  chajinel,  flood  stages  are  raised, 
and  low  flows  revert  from  open-channel  discharge  to  seepage  through  sands, 
which  do  not  support  stream  wildlife  of  any  kind. 

The  function  of  sediment  in  the  destruction  of  lake  and  reservoir 
storage  is  well  known,  and  is  sxxramarized  in  the  statement  that  "that  history 
of  a  lake  is  the  story  of  its  death."  From  the  moment  a  lake  is  formed,  it 
begins  to  accumulate  sediment,  thxis  gradually  effecting  a  loss  in  use 
potential,  it  being  only  a  matter  of  time  until  the  lake  becomes  a  flat  of 
alluvial  material. 

Presumably  then,  if  the  erosion,  sediment  transport,  and  sediment 
deposition  rate  could  be  reduced,  the  life  of  a  downstream  reservoir  could  be 
increased  substantially.  This  type  of  reasoning  certainly  deserves  recogni- 
tion in  planning  North  Coast  features  of  The  California  Water  Plan,  where 
reservoirs  can  be  expected  to  act  as  sediment  traps  in  the  high  sediment 

yielding  parts  of  the  Eel  River  Basin.   In  specific  terms,  elementary 

iV 
calculations—^'  using  conservative  assumptions  yield  the  results  shown  in 

Table  7- 

More  realistic  figures  on  unit  sediment  production  in  the  Eel 

River  Basin  are  shown  in  Table  8,  based  on  U.  S.  Geological  Survey  data  and 

departmental  computations. 


13/  Brtone,  G.  M.   "Trap  Efficiency  of  Reservoirs."  Transactions  of  the 
American  Geophysical  Union,  3k:3,.     pp.  i4-07-l8.  1953. 
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It  should  be  realized  that  Table  8  excludes  the  flow  of  bed  load 
material  vhich  is  as  yet  unmeasured  for  any  stations  in  the  Eel  River  Basin. 
Generally,  the  bed  load  varies  from  about  10  to  50  percent  of  the  suspended 
load,  although  in  some  instsjices  it  can  exceed  this  estimate. 

In  compaxing  the  sediment  production  figures  iu  Tables  7  and  8  with 
adjacent  areas,  the  results  of  reservoir  sedimentation  studies  can  be  utilized. 

Reservoirs  on  the  west  side  of  the  Sacramento  Valley  have  axjcumulated  sediment 

17/ 
at  an  average  rate  near  0.20  acre-feet  per  square  mile  per  yearr— '  The  several 

examples  of  small  reservoirs  in  the  North  Coastal  area  filling  with  sediment 

during  the  first  year  of  operation  are  not  necessarily  attributed  to  poor 

land  use  and  subsequent  erosion,  but  are  also  the  expected  engineering  result 

of  constructing  a  small  reservoir  on  a  large  stream. 

It  can  be  noted  that  only  Jarbow  Reservoir  would  be  in  danger  of 
exceeding  its  given  dead  storage  within  the  customary  repayment  period  of 
50  years.  However,  project  planners  should  not  be  lulled  into  a  feeling  of 
complacency,  as  sediment  retention  problems  can  result  even  with  large 
storages.   If  recreation,  including  reservoir  fishing,  is  axicepted  as  a  valid 
use  of  reservoir  waters,  actual  benefits  would  undoubtedly  decrease  with  in- 
creasing sediment  dejxasition.  Finally,  when  the  dead  storage  space  was 
filled,  drawdown  to  this  level  would  reveal  a  flat  of  mud;  stranding  aquatic 
life  auid  presenting  an  unpleasant  appearance. 

Nor  can  it  be  assioraed  that  all  dejiosition  of  sediment  would  occur 
in  the  storage  below  the  lowest  outlet.  Typically,  the  larger  pieces  of  bed 
load  are  deposited  at  the  head  of  the  reservoir,  where  the  stream  makes  its 


17/  Brown,  Carl  B.  and  Thorp,  Eldon  M.   "Reservoir  Sedimentation  in  the 
Sacramento- San  Joaquin  Drainage  Basins,  California."  United  States 
Department  of  Agriculture,  Office  of  Research,  Sedimentation  Section, 
Special  Report  No.  10.  69  pp.   (mimeographed)  July  19'+?. 
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TABLE  8 
SUSPENDED  SEDIMENT  DISCHARGE  SUMMARY 


Station 


Draineige  area 
(sqviare  miles) 


Average  annual 
suspended  sediment  flov^ 
Tons  per  day   :  Ac-ft/mi^-LQ/ 


Eel  River  above 
Dos  Riosl9/ 

703 

5,230 

0.75 

Middle  Fork  Eel  River 
at  Dos  Rios 

753 

6,98020/ 

O.9I+ 

Eel  Rj.ver  at  Scotia 

3,113 

21,120 

0.89 

South  Fork  Eel  River 
near  Miranda 

537 

11,390 

2.15 

Van  Duzen  River  near 
Bridgeville 

ZLk 

6,170 

2.92 

South  Fork  Eel  River 
near  Branscomb 

kk 

177 

O.Ul 

entrance.  Thence,  density  currents  carry  the  load  of  fines  to  the  reservoir 
bottom,  ajid  accumulation  in  dead  storage  takes  place.  In  this  manner,  active 
storage  can  be  affected,  and  the  reservoir  operation  altered. 

When  the  sediment  load  contains  a  high  percentage  of  fine  paxticles 
in  the  clay  rajige,  a  different  problem  exists.  Rather  than  the  deposition  of 
sediment,  the  storage  of  muddy  vater  becomes  a  problem.  The  transfer  of  Eel 
River  waters  to  storage  locations  in  the  Sacramento  Valley  has  been  a  consider- 
ed plan  of  water  export.  However,  it  would  be  undesirable  indeed  to  send 
muddy  waters  to  the  Sacramento  Va3J.ey,  and  to  recreate  problems  simileLr  to 


18/  Acre-feet  by  weight  ass\jming  I65  poimds  per  cubic  foot  (particle 
density  of  quartz  grains).  Stored  in  reservoirs,  or  as  soils  on 
land  siirface,  actual  density  would  vary  between  20  and  110  pounds 
per  cubic  foot. 

19/  This  fig\ire  does  not  include  sediment  trapped  in  Lake  P111  sbury, 

which  accumulates  sediment  at  an  average  annxxal  rate  of  O.7I  acre- 
feet  per  square  mile. 

20/  Computed  using  the  arithmetic  mean  of  three  years  monthly  totals. 
Daily  records  not  available. 
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those  encountered  on  the  Fhissiaji  River  In  the  winter  of  I96I-62,  resiolting  in 
part  at  least,  from  storage  provided  in  Coyote  Reservoir  on  the  fiussiaji  River 
of  muddy  waters,  both  native  and  imported  (see  subsequent  discussion  under 
Corbin  Creek). 

The  most  desirable  plan  with  respect  to  sediment  in  the  Eel  River 
Basin  would  be  to  keep  the  soil  on  the  land.  The  occurrence  of  natural  erosion 
should  be  recognized,  but  man-caused  erosion  should  be  kept  to  an  absolute 
minimum. 

Other  Water  Management  Considerations.   If  urban  areas  ajiticipate 
the  development  of  surface  water  supplies  for  domestic  use,  the  feasibility 
of  acquisition  and/ or  exclusion  of  tributary  lands  for  management  as  a  munici- 
pal watershed  shoiold  be  investigated.  While  activities  on  the  watershed  may 
have  uncertain  effects  upon  the  water  yield  of  the  area,  the  unnatural  loss  of 
soil  emd  the  impairment  of  water  quality  through  indiscriminate  grazing, 
timber  harvesting,  and  roadbuilding  can  be  avoided  only  with  careful  land 
management.   The  reduction  of  the  necessity  for  degrees  of  water  treatment 
can  result  in  definite  reductions  of  expenditures. 

Often  the  control  of  snow  jxLacement  and  melting  is  presented  as  a 
use  of  vegetative  manipulation,  and  a  positive  item  in  the  watershed  manage- 
ment concept.  Research  on  this  topic  has  been  conducted  in  several  different 
locations  for  a  number  of  years,  and  the  results  from  a  water  conservation 
viewpoint  are  moderately  encouraging.   In  the  Eel  River  Basin,  an  extremely 
small  percentage  of  the  total  area  is  subject  to  extensive  snowfall,  and  there 
are  no  permanent  snowfields  of  any  major  consequence.  Thus,  snow  majiagement 
through  timber  msunagement,  if  an  actuality,  would  be  possible  but  of  limited 
import  BJice . 
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Special  Considerations 

Roads.   In  ajiy  lands  developed  by  maji,  roadways  are  in  most  cases 
an  indispensable  item  in  the  transportation  system.  Although  in  the  historic 
past  rivers  were  used  as  the  main  artery  of  traffic,  the  modern  age  and  the 
development  of  motor  vehicles  has  made  necessary  a  fine  network  of  roads  of 
all  kinds.  The  Eel  River  Basin  contains  various  types  and  conditions  of 
highways,  from  freeways  to  jeep  trails,  and  almost  all  have  contributed  to 
man's  welfare  in  access  and  transportation.  There  have,  however,  been  negative 
effects  of  these,  although  they  are  not  \miversally  recognized  as  such. 

Pioneering  roads  visually  conformed  closely  to  the  landscape.  They 
followed  game  trails,  ridges,  or  bottoms,  were  neither  graded  nor  excavated, 
and  were  the  manifestation  of  the  "path  of  least  resistance"  from  one  point  to 
another.  The  twentieth  cent\iry  has  brought  high-speed  vehicles,  the  develop- 
ment of  remote  areas,  and  economic  haul  considerations  which  have  altered 
roadway  needs,  and  thus  their  design  and  construction.  This  change  has 
necessitated  lower  grades,  wider  beds,  longer  curves,  greater  sight  distances, 
with  consequent  alterations  in  amounts  of  soil  moved,  drainages  crossed,  and 
areas  paved.  While  the  early  roads  were  in  relatively  close  harmony  and  con- 
cord with  the  land,  the  more  modern  ones  have  caused  a  sufficient  amount  of 
accessory  disturbance  to  have  a  noticeable  effect  on  the  soil  resource  in  some 
areas . 

The  very  act  of  constructing  a  modem  roadway  has  several  direct 
and  indirect  effects  upon  watershed  management  considerations.  Most  obvious 
is  the  wholesale  movement  and  exposure  of  soil,  and  the  emplacement  of 
sxirplus  volumes.  When  constructed  along  a  stream,  many  times  fill  is  deposited 
in  the  cheinnel,  encouraging  sediment  pickup  at  high  flows  ajid  often  causing 


channel  constriction.  This  constriction  of  the  channel  caji  deflect  flows  to 
the  opposite  bajik,  creating  chaiinel  erosion  at  that  point.  When  a  route  is 
cut  throvigh  a  potential  slide  area,  often  an  attempt  is  made,  wisely,  to 
drain  the  critical  portion  to  avert  movement.  However,  examples  can  be  found 
where  this  drainage  facility  (through  pipes)  empties  onto  exposed  slopes,  and 
gullies  are  carved  in  the  remaining  slope. 

In  an  excellent  treatise  on  the  location  of  roads  in  unstable  geology, 

21/ 
Rockey  and  Bradshaw — '  cited  the  following  effects  that  road  construction 

might  have  on  the  stability  of  potential  landslides : 

"1.  Restriction  of  ground  water  flow  by  side  hill  fill. 

2.  Overloading  of  relatively  weak  underlying  layers  by  fill. 

3.  Overloading  or  removing  support  of  sloping  bedding  planes 
by  heavy  slide  hill  fills  or  cuts. 

k.     Oversteepening  of  cuts  in  unstable  rock  or  soil.   (This 
is  broiight  about  by  sloughing  of  cut  bank,  making  the 
remaining  slope  steeper,  which  in  turn  causes  more 
sloughing . ) 

5.  Removal,  by  cut,  of  mantle  of  i)ervious  soil,  if  the 
latter  is  a  natural  restraining  eind  drainage  blanket 
over  a  softer  strata. 

6.  Increase  in  seepage  pressure  by  cut  or  fill  that 
chajiges  direction  or  character  of  ground  water  flow. 

7.  Removal  of  a  mantle  of  wet  soil  by  side  hill  cut. 
Such  a  cut  may  remove  toe  support,  causing  soil  above 
the  cut  to  slide  along  its  contact  with  bedrock." 

Because  of  compaction  by  vehicular  pressure  or  beca\ise  of  paving, 

very  little  infiltration  or  detention  of  rainfall  occurs  on  the  road  surface. 

Consequently,  drainage  occurs  down  the  more  major  roadways  or  in  ruts  on  the 

lower  echelon  roads,  causing  abnormal  amounts  of  water  to  be  collected  ajid 


21/  Rockey,  R.  Eugene,  and  Bradshaw,  K.  E.   "Assessing  Soil  Stability  for 
Road  Location  on  the  Six  Rivers  National  Forest,  California."  United 
States  Department  of  Agriculture,  Forest  Service,  San  Francisco. 
39  pp.  1962. 
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concentrated  at  a  point,  and  finally  to  be  dispersed  over  a  bank.   If  not 
properly  conducted  to  a  permanent  channel,  erosion  of  the  receiving  raw  bank 
follows,  until  a  graded  channel  is  formed  to  accommodate  the  flow.  There  are 
numerous  examples  of  this  on  highways  of  all  standards  in  the  Eel  River  Basin, 
and  it  is  perhaps  the  most  easily  observed  indication  of  incomplete  highway 
drainage . 

When  crossing  small  waterways,  culverts  often  are  used  to  conduct 
the  strearaflow  under  the  roadway.   Ideally,  the  cul verted  section  of  the 
channel  should  follow  the  original  streambed  throughout  its  entire  length, 
but  in  practice  the  outlet  is  sometimes  elevated,  and  the  kinetic  energy  of 
the  moving  water  scours  out  fiU,  bank,  and  channel  bottom,  sending  sediment 
downstream  and  threatening  the  stability  of  the  embankment.  This,  too,  is  a 
frequent  sight  on  highways  and  roads  of  the  Eel  River  Basin.  An  example  is 
shown  in  Photo  7  . 

The  problems  of  erosion  triggered  by  roads  is  least  on  the  major 
thoroughways  of  the  Eel  River  Basin.  Culverts  and  drainage  facilities  on 
Highway  U.  S.  101,  for  example,  are  usually  well  planned  and  constructed, 
although  exceptions  can  be  found.  However,  the  problems  seem  greatest  on 
seldon>»traveled,  semi-improved  county  roads,  and  on  some  mountainous  forest 
roads.  The  primitive  "path  of  least  resistance"  road  is  still  of  minor  con- 
cern, except  where  directly  connected  with  a  logging  operation  or  up  steep 
grassy  slopes. 

Thus,  roads  can  have  detrimental  effects  because  of  exposed  soils 
and  cut  slides,  altered  micro-hydrology,  and  chajinel  alterations  from  stream 
crossings.  The  effects  are  erosion,  which  is  concerned  with  land  use  and 
highway  maintenance,  etnd  sediment  transport,  which  is  involved  with  the  majiy 
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Culvei^t  with  high  outfall  aloiip;  the  Don  Rioc — Laytonville  Road,  Mendocin":!  County. 
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aspects  discussed  under  Sediment .  Althoxj^  these  occurrences  are  seldcan  of 
a  large  scale  locally,  they  are  quite  numerous  throughout  the  Eel  fliver  Basin, 
and  their  net  effect  must  therefore  be  assessed  as  significant. 

Redwoods.  The  Eel  River's  most  widely  known  resource  is  the  coast 
redwood,  which  attains  maximum  growth  in  bottomlands  of  the  lower  reaches. 
News  items  concerning  redwoods  appear  nationally  and  even  internationally,  and 
concern  over  their  husbandry  is  felt  in  all  corners  of  the  country. 

Becaiise  this  resource  is  unique,  old,  and  somewhat  rare,  it  is  of 
great  interest.  Much  of  the  existing  preserved  park  leuids  have  been  acquired 
and  presented  to  the  State  for  care  by  the  efforts  of  the  Save-the-Redwoods 
Lea,gue,  which  in  turn  has  obtained  the  necessary  funds  through  public 
solicitation.  The  State  then  has  a  moral  obligation  to  the  national  public  to 
maintain  and  preserve  these  lands  in  a  suitable  condition  so  that  they  may 
be  enjoyed. 

The  use  of  these  lands  is  primarily  for  recreation,  and  management 
through  preservation  is  a  valid  means  of  deriving  human  benefits.  The  failure 
to  harvest  a  physical  crop  is  not  necessarily  the  insignia  of  waste.  The 
products  of  these  redwood  lands  are  recreational  benefits  of  a  high  quality 
to  those  who  seek  them  --  contemplation,  satisfaction,  and  spiritual  awareness. 

Bull  Creek.  Bull  Creek,  a  U2-square  mile  drainage  in  the  redwood 
belt  near  Weott  has  gained  notoriety  in  recent  years  because  of  problems  in- 
curred in  the  management  of  its  soil,  water,  and  vegetation.  Annual  precipi- 
tation on  the  drainage  varies  from  55  to  115  inches.  Although  the  soils  and 
underlying  bedrock  in  the  area  are  weeik  and  unstable,  the  topography  rough  and 
steep,  and  land  use  demand  Intense,  there  is  a  potential  for  growing  commercial 
timber. 
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The  drainage  can  be  subdivided  into  tvo  areas.  The  first  is  the 
lower  area,  consisting  of  the  8,000-acre  Rockefeller  Forest,  acquired  by  the 
State  as  part  of  Humboldt  Redwoods  State  Park  in  I931  through  the  generosity 
of  John  D.  Rockefeller,  Jr.   Included  ^vdthin  this  area  is  Bull  Creek  Flat, 
v;here  the  most  magnificent  part  of  the  forest  occurs  on  about  80O  acres  of 
alluvial  lajid  along  the  creek.  The  second  part  of  Bull  Creek  B^sin  is  the 
upper  vra-tershed,  amounting  to  about  18,000  acres.  This  was  in  a  large  number 
of  relatively  small  owierships  until  I962,  when  much  of  it  was  acquired  by 
the  Save-the-Redwoods  League.  About  13,000  acres  of  the  watershed  lands  were 
donated  to  the  State  Park  by  the  League  in  January  1963. 

Use  of  the  lajids  in  Bull  Creek  undoubtedly  began  v/ith  the  first 
settlement  in  central  Humboldt  County,  the  uplands  being  utilized  primarily 
for  grazing.  Lands  tributary  to  the  Bull  Creek  flats  v;cre  frequently  burned, 
both  accidentally  and  in  an  attempt  to  improve  range  conditions.  Log  jams 
were  recorded  in  Bull  Creek  in  the  early  1930's,  but  it  was  not  until  the 
late  19^1-0' 3  that  full  use  of  the  lands  began. 

A  deniaiid  for  Douglas  fir  timber  became  felt  in  I9U7,  and  shortly 
thereafter  private  interests  began  timber  hai-vesting  operations  in  the  up- 
lands of  Bull  Creek.  In  1955^  a  devastating  fire  occurred,  follov/ed  by  the 
tremendously  intense  storm  of  December  19iJ5^  which  produced  a  peak  flow  es- 
tir.iated  at  l6,'4-00  seciind-feet  at  the  mouth  of  Bull  Creek.  I-lany  areas,  fresh- 
ly stripped  of  cover,  disturbed  from  logging,  a.nd  laid  bare  by  the  fire, 
began  to  erode  in  a  spectacular  fashion.  Large  amounts  of  ir^terial  were 
washed  off  the  slopes  and  into  the  Bull  Creek  channel.  The  streambed  through 
the  Rockefeller  Grove  reacted  to  the  sediment  load  and  flows  by  aggrading 
considerably,  and  by  expanding  the  chamiel  transversely  into  the  adjacent 
grove  of  redwood  trees.  To  date,  over  500  trees  have  toppled  into  the  creek 
bed,  further  complicating  the  problem  by  obstructing  flood  flows.  Concurrent- 
ly, the  salmon  runs  up  Bull  Creek  have  declined  drastically. 
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Thus,  the  problem  has  two  aspects:  the  aggradation  of  the  streambed 
•with  consequent  damage  to  the  state  park,  and  the  erosion  of  the  upper  water- 
shed lands.  The  first  is  highly  dependent  upon  the  second.  Remedial  work,  has 
consisted  of  an  emergency  levee  at  the  town  of  Bull  Creek  and  channel  clearing, 
shaping,  and  bank  protection  in  the  Bull  Creek  Flats,  and  the  installation  of 
grade  control  structures  above  the  state  park.  The  essence  of  the  problem  -- 
the  instability  of  the  soils  in  the  upper  basin  —  has  not  been  directly  dealt 
with,  and  with  the  exception  of  selected  plsjitings,  the  area  will  be  allowed 
to  revegetate  by  natural  means.  With  the  recurrence  of  severe  storms,  the 
on-site  problem  is  expected  to  continue  for  years,  until  at  some  futiore  date 
the  upper  watershed  is  again  stabilized. 

Corbin  Creek.  Corbin  Creek  is  a  44-square  mile  timber  and  brush 
covered  drainage  tributary  to  the  main  stem  of  the  Eel  River  above  Lake 
Pillsbury.  In  recent  years,  erosion  prompted  by  roadway  construction  in  this 
drainage  has  become  more  prevalent,  and  has  been  checked  only  throiigh  expensive 
remedial  meas\ires.  Further  notoriety  was  gained  when  a  portion  of  the 
sediment  produced  found  its  way  into  a  newly  constructed  reservoir,  and  con- 
tributed towards  damaging  do-(vnstream  fishing.  Althoiigh  this  area's  erosion 
contributed  only  an  estimated  ten  percent  of  the  total  damaging  sediment  and 
the  reservoir  problems  are  largely  independent  of  this  upstream  erosion,  a 
review  of  the  situation  can  serve  to  demonstrate  what  could  possibly  happen 
on  a  larger  scale  in  the  future. 

With  the  exception  of  about  4  square  miles,  all  lands  in  Corbin 
Creek  are  federally  owned  and  under  the  management  of  the  Mendocino  National 
Forest.  Soil  cover  is  largely  of  the  Sheetiron  and  Maymen  Series,  timber  and 
brush  soils  respectively.  Up  to  the  late  1950 's  there  had  been  little 
activity  in  the  drainage,  although  in  I92O  a  1,000-acre  ground  fire  on  the 
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northern  dividing  ridge  partially  occurred  in  Corbin  Creek.   A  number  of 
smaller  fires,  none  of  which  exceeded  i+0  acres,  have  taken  place  in  the 
area. 

Timber  harvesting  activities  began  in  1955  with  the  logging  of 
1,000  acres  of  private  land  in  the  upper  extremes  of  the  north  end  of  the 
drainage.   In  I956,  8,000,000  board-feet  of  timber  were  ranoved  from  8OO 
acres  of  National  Forest  land  in  the  Lost  Camp  timber  sale,  also  at  the  upper 
extremes  of  the  drainage.  All  but  about  3  miles  of  spur  roads  built  during 
the  sale  were  reseeded  with  grass,  and  taken  out  of  use.   During  1958,  1959> 
and  i960,  the  Corbin  Creek  timber  sale  removed  36,200,000  board-feet  from 
U,630  acres  in  the  lower  elevations  of  the  basin.  An  accompanying  9''+-niile 
section  of  permanent  road  (16  feet  wide)  which  would  accommodate  speeds  up 
to  30  miles  per  hour,  was  constructed  from  Ivory  Mill  Saddle  to  Five  Springs 
Creek.   During  i960  and  I96I,  Glenco  Forest  Products  Company  harvested 
12,000,000  board-feet  from  5U0  acres  of  their  land,  and  constructed  a  half 
mile  of  road  across  the  federal  lands  for  access. 

During  I96I  and  I962,  further  volumes  of  timber,  amounting  to 
12,200,000  board-feet,  were  removed  from  National-  Forest  lands  in  the  Lower 
Corbin  Creek  timber  sale.  More  than  k  miles  of  permanent  road  along  Corbin 
Creek  were  built  to  closely  approach  the  upper  main  stem  of  the  Eel  River. 
This  road,  scheduled  for  "Forest  Highway"  classification,  is  a  trans-forest 
route,  and  was  not  created  to  serve  solely  in  timber  harvest  operations,  but 
for  a  mxiltiplicity  of  uses. 

The  design  and  alignment  stemdards  required  on  the  Corbin  Creek 
road  necessitated  numerous  cuts  through  unstable  soils,  and  the  crossing  of 
many  side  drainages.  Winter  storms  eroded  the  road  cuts  and  fills,  plugged 
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culverts,  and  wetted  slide  areas,  wltti  the  end  result  tbat  a  great  deal  of 
fine  sediment  fovmd  its  way  into  Corbin  Creek,  and  downstream  into  the  Eel 
River. 

Sediment  from  Corbin  Creek  along  with  clays  from  other  sources  were 
partially  retained  in  Lake  Pillsbury  and  Van  Arsdale  Reservoir  and  were  then 
transferred  to  the  Russian  River  drainage  through  the  Potter  Valley  tunnel. 
Impoundment  of  these  waters  in  Coyote  Reservoir  did  not  result  in  appreciable 
settlement.  Tributaries  to  the  Eel  River  below  LaJke  Pillsbviry  and  the 
Russian  River  also  contributed  to  the  inflow  of  muddy  waters.  As  there  was 
very  little  significant  settlement  in  Coyote  Reservoir,  the  reservoir  merely 
provided  the  storage  in  time  of  muddy  waters,  and  later  releases  from  the 
lower  levels  of  the  lake  colored  the  Russian  River  flows  during  a  longer  period 
than  in  the  past.  This  unxisual  combination  of  erosion,  sediment  transport, 
retention,  ajid  release  caused  a  general  decline  in  salmon  fishing  on  the 
Russian  fJiver,  and  a  great  deal  of  public  concern  was  voiced  over  the  now 
evident  result. 

In  response  to  the  recognition  of  their  role  in  the  problem,  the 
U.  S.  Forest  Service  initiated  special  erosion  control  measures  on  the  Corbin 
Creek  road  in  September  I96I.  The  work  during  I962  included  the  resloping 
of  sliding  bajiks,  installation  of  additional  culverts,  debris  removal,  seed- 
ing of  raw  slopes,  and  other  remedial  measures  to  stabilize  exposed  soil. 
At  the  time  this  report  was  written,  the  remedial  work  had  cost  $12^4-, 000 
ajid  is  believed  to  be  successful. 

Thus,  the  overall  problem  has  two  components:  the  production  of 
fine  sediments  in  tributary  upstream  areas,  ajid  the  storage  of  the  resultant 
muddy  flood  waters  for  release  during  a  normally  clear  season.  The  first  was 
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22/ 

caused  in  part  by  timber  harvesting  activities  on  Corbin  Creek — ',  vrLth  the 

need  for  and  the  construction  of  a  high  standard  road  resulting  in  hydrologic 
disorders  on  a  larger  scale.  The  second  is  a  natural  result  of  the  operation 
of  a  reservoir  (Coyote)  for  flood  control  purposes,  although  some  latitude 
in  operation  does  exist. 

It  should  be  pointed  out  that  both  the  production  of  the  fine  sedi- 
ments and  its  subsequent  detention  was  necesseury  for  the  problem  to  be  recog- 
nized. Furthermore,  Corbin  Creek  was  not  the  sole  contributor  of  sediment  to 
the  Eel  and  f{ussi£Ui  Rivers.  There  is  reason  to  believe  that  the  ftussian  River 
problem  would  have  occurred  even  with  the  exclusion  of  all  use  on  Corbin  Creek, 
since  the  Russian  River  receives  sediment  from  numerous  other  sources  in  the 
Eel  and  Russiem  River  Basins. 

The  on-site  problem  may  have  been  partially  avoided  by  sacrificing 
haul  economics  in  the  road  design,  or  by  not  building  a  road  at  all.  The  use 
of  the  lajid  was  a  calculated  risk,  weighing  use-damage  probabilities  against 
the  alternate  of  nonuse.  To  be  sure,  a-i  "i  reasonable  precautions  should  be 
taken  in  similar  situations  in  the  future  and  more  enlightened  geologic 
services  cetn  be  used  to  material  advantage.  But  it  should  also  be  recognized 
that  this  problem  is  merely  the  manifestation  of  a  price  in  soil  that  was 
paid  for  access. 


22/  The  Corbin  Creek  drainage  contains  several  slides  which  predate  the 
initiation  of  logging,  and  are  believed  to  be  of  natiiral  origin. 
Corbin  Creek  contributions  of  sediment  to  Coyote  Reservoir  have  been 
estimated  by  the  U.  S.  Forest  Service  at  10  percent  of  the  total. 
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A  gully  throiigh  grasslands  in  upper  Yager  Creek,  directly  dovnstream  from  a 
highway  culvert. 
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CHAPTER  IV.   RESPONSIBILITIES  OF  STATE  AM) 

FEDERAL  AGENCIES  WITH  RESPECT 
TO  VJATERSHED  MANAGEI"IENT 


Because  of  the  long-range  aspect  of  considerations  of  land  use, 
"government"  in  general,  and  its  agencies  in  particular  have  been  allotted 
the  task  of  leadership  in  this  field.  With  the  existing  land  use  in  the 
basin,  the  question  of  the  stewardship  of  its  resources  arises.  The  examina- 
tion of  the  agency  system  of  management,  and  the  partial  enumeration  of  duties 
should  reveal  both  overlap  of  present  coverage,  voids  in  which  no  responsi- 
bility has  yet  been  assigned,  and  areas  in  which  no  legal  concern  has,  as  yet, 
been  interpreted  by  any  agency. 

State  Agencies 

Department  of  Fish  and  Game.  "Broadly  speaMng,  the  Department  of 
Fish  and  Game  is  responsible  for  the  protection,  maintenance,  enhancement, 
emd  management  of  the  fish  and  game  resources  of  the  State....  In  carrying 
out  these  responsibilities,  the  Department  of  Fish  and  Game  becomes  directly 

involved  in  the  management  of  the  land  and  water  resources  upon  which  the  fish 

,,1/ 
and  wildlife  resources  are  completely  dependent. 

As  vehicles  for  the  implementation  of  their  responsibilities,  a 
number  of  sections  of  the  Fish  and  Game  Code  concern  watershed  management. 
These  are  enumerated  and  briefly  described  below. 

Section  ^6^0  provides  that  it  is  unlawful  to  deposit  in,  permit 

to  pass  into,  or  place  where  it  can  pass  into  the  waters  of  the  State  a  nvunber 

of  substances  which  are  specifically  named  viiich  are  deleterious  to  fish  life, 

and  in  addition,  any  other  substance  or  material  deleterious  to  fish,  plant, 

or  bird  life. 

l7  State  of  California.   "Pollution  Control  Responsibilities  of  the  California 
Department  of  Fish  and  Game."  15  pp.   (mimeographed)  I96I. 
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Section  %'?!   gives  the  Department  of  Fish  and  Game  the  responsibility 
for  reporting  a  condition  of  continuing  and  chronic  pollution  to  the  appropriate 
Water  Pollution  Control  Board  and  to  cooperate  and  act  with  that  board  in  taking 
steps  to  enforce  Section  565O. 

Section  ^6^2  makes  it  unlawful  to  dispose  of  trash,  garbage,  or 
rubbish  vdthin  I50  feet  of  the  high- water  line  of  ajiy  inland  water  of  the  State. 

Section  $6^3  requires  operators  of  vacuum  or  suction  dredges  to 
report  details  of  proposed  operations  to  the  Department  of  Fish  and  Game  and 
obtain  a  permit. 

Section  1201$  reqiiires  anyone  convicted  of  unlavtfully  polluting, 
contaminating,  or  obstructing  waters  to  the  detriment  of  fish  life,  to  remove 
any  removable  substance  causing  the  pollution  or  pay  the  costs  of  such  removal. 

Sections  160I  and  l602  provide  for  review  by  the  Department  of  Fish 
and  Game  of  any  water  projects  planned  by  public  or  private  organizations, 
which  would  disturb  the  streambed,  and  provide  for  subsequent  recommendations 
by  the  department  as  to  measures  necessary  to  protect  fish  and  wildlife. 

Thus  the  Department  of  Fish  and  Game  is  primarily  concerned  with 
that  which  affects  the  fish  and  wildlife  of  the  State.  Efforts  have  centered 
around  the  pollution  of  waters,  although  it  is  openly  acknowledged  that  the 
present  legislation  is  insufficient  to  satisfy  needs  of  regulation  on  the  excess 
movement  of  soil  and  logging  debris  into  salmon  spawning  streams. 

Division  of  Forestry  (Department  of  Conservation).  The  several 
responsibilities  of  this  agency  render  it  of  prime  importance  in  effecting 
goals  of  watershed  management  aims.  Its  main  function  for  the  past  several 
decades  has  been  that  of  fire  prevention  and  svrppression  to  varying  degrees, 
presently  covering  about  35-6  million  acres  of  land  throughout  the  entire 
State.  An  efficient  and  well  organized  system  of  detection,  eradication, 
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and  education  has  been  established,  and  is  frequently  referred  to  as  one  of 
the  nation's  best.   In  general,  neither  federal  lands  nor  incorporated  urban 
areas  are  under  state  protection,  although  exchange  contracting  on  some 
protected  land  does  occur. 

The  Division  of  Forestry  is  also  responsible  for  a  range  improvement 
program  which  consists  mainly  of  a  system  of  control  measures  on  planned 
range  and  brush  burns.   Provisions  require  burners  to  obtain  permits  from  the 
division  during  the  fire  season,  and  allows  for  standby  crews  to  insure  the 
safety  of  adjoining  lands.  A  range  improvement  advisory  service  is  also 
available  under  this  program. 

A  program  for  the  emergency  vegetation  of  denuded  watersheds  is  avail- 
able in  freshly  burned  areas.   The  division  cooperates  vrith  soil  conservation 
districts,  water  and  flood  control  districts,  and  local  and  federal  agencies  in 
this  matter.  The  treatment  usually  consists  of  aerial  seeding  of  fast  growing 
annuals.  The  State  shares  50  percent  of  the  cost,  which  has  averaged  about 
$1.50  per  acre  up  to  I961,  and  euLso  furnishes  technical  guidance,  makes  the 
arrangements,  and  evaluates  prior  trials.  The  treatment  is  designed  as  minimum 
soil  protection  and  has  been  done  for  the  most  part  in  Southern  California, 

The  State  of  California,  through  the  California  Division  of 
Forestry,  has  provided  the  entire  support  for  the  State  Co-operative  Soil- 
Vegetation  Siirvey,  from  its  inception  in  19^7  to  date.  The  actual  work  of  the 
survey  is  performed  by  the  Pacific  Southwest  Forest  and  Range  Experiment 
Station,  U.  S.  Forest  Service,  (field  survey  and  map  compilation),  and  the 
University  of  California  (laboratory  analyses  of  soils  and  field  and  laboratory 
soil  fertility  studies),  under  contract  to  the  State  of  California,  Division 
of  Forestry,  for  which  they  are  reimbursed  in  full.  The  lands  of  Mendocino 
National  Forest  were  not  included  in  this  survey  because  the  U.  S.  Forest 
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Service  did  not  choose  to  participate  in  or  contribute  to  the  survey.  The 
Trinity  County  portion  of  the  Eel  River  Basin  should  be  completed  about  I965. 

The  Division  of  Forestry  was  responsible  for  the  recent  initiation 
of  a  research  project  in  the  Worth  Coastal  area,  the  Caspar  Creek  Watershed 
Study  in  the  Jackson  State  Forest  near  Fort  Bragg.  The  project  was  established 
cooperatively  with  the  California  Department  of  Water  Reso\irces,  Department  of 
Fish  and  Game,  and  the  Pacific  Southwest  Forest  and  Range  Experiment  Station 
of  the  U.  S.  Forest  Service.  This  work  seeks  to  inventory  natural  sediment 
and  water  production  on  an  undisturbed  drainage,  and  by  means  of  judiciously 
planned  logging,  determine  the  effects  of  such  actions  on  yield,  flood  peaks, 
sedimentation,  and  fisheries  habitat.  So  far  is  known,  this  is  the  first  such 
work  ever  conducted  in  the  North  Coastal  area.  Preliminary  results  from  the 
inventory  phase  should  be  available  about  1966. 

A  Service  Forestry  program  is  carried  on  by  the  Division,  in  which 
the  Service  Forester  assigned  to  the  Humboldt  Ranger  Unit  works  with  small 
timber  and  land  owners  to  advise  them  on  desirable  timber  management  practices, 
including  minimizing  soil  losses  from  timber  lands  throiogh  erosion  control 
measures  on  logging  areas  and  in  logging  road  and  skid  road  construction. 

The  Forest  Practice  Act  is  included  in  Sections  k901-k<^'jk   of  the 
Public  Resources  Code.  The  Act  was  adopted  by  the  State  Legislature  in  19^5 
as  a  result  of  the  Joint  Interim  Forestry  Study  Committee  recommendation  that 
"legislation  was  necessary  to  establish  minimum  stsmdards  for  commercial  timber 
cutting" .2/ 

The  Act  divided  the  State  into  four  geographic  forest  regions,^ 


2/  Arvola,  T.  F.  "Forest  Practice  Regulation  in  California."  Journal  of 

Forestry,  60:12.  pp.  872-6.  December  1962. 
^y  Public  Resources  Code,  Section  4926. 


•112- 


thus  recognizing  the  diversity  of  forest  conditions  in  the  State.  The  cen- 
tral purpose  of  the  Act  is  to  conserve  and  maintain  the  productivity  of  the 
timberlands  in  the  interest  of  the  economic  welfare  of  the  State  and  the 
continuance  of  the  forest  industry. 

In  19^7  a  separate  set  of  forest  rules  was  adopted  for  each  of  the 
four  forest  districts.  These  rules  are  concerned  with  (l)  fire  prevention 
and  control,  (2)  protection  of  timber  growth  and  soil  productivity,  (3)  pre- 
vention and  control  of  damage  by  forest  pests,  and  (k)   measxires  for  restock- 
ing the  land. 

The  Act,  as  originally  enacted,  provided  no  measures  or  penalties 
for  purposes  of  enforcement.  The  State  Forester  was  required  to  make  inspec- 
tions of  timber  operations.  Emphasis  was  upon  education  and  personal  persua- 
sion. The  Act  has  been  amended  several  times  and  the  rules  have  been  amended 
twice  to  meet  changing  conditions,  to  improve  rule  standards,  and  to  strengthen 
enforcement  features.  In  1953  erosion  control  requirements  became  a  part  of 
some  district  rules  and  by  I96O  all  districts  had  rules  to  minimize  soil 
erosion  on  timber  operations.  Points  of  special  concern  to  the  general  public 
over  the  years  have  included  difficulties  of  enforcement  due  to  c\imbersome 
legal  processes,  lack  of  orientation  of  the  program  toward  the  timber  o^mev 
as  well  as  the  timber  operator,  recognition  of  timberland  primarily  as  a  site 
for  timber  growth  with  limited  interest  in  the  protection  of  fisheries,  re- 
creation, and  other  values  imless  they  affect  forest  productivity.  Also  of 
concern  were  provisions  of  the  Act  which  allow  clearcutting  upon  filing  of  an 
affidavit  by  the  timberland  owner  of  his  intentions  to  devote  the  land  to  pur- 
poses other  than  growing  timber.  The  I963  amendments  of  the  Forest  Practice 
Act  improved  some  of  these  featvires. 
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Over  the  past  17  years  considerable  improvement  in  forest  practices 
has  been  accomplished  in  California  through  regulation  -  from  a  time  v;hen 
little  control  existed  until  the  present  when  at  least  minimiira  practices  are 
required.  Under  the  Forest  Practice  Act  as  amended  in  I963  the  State  Forester 
may  deny  a  timber  operator's  permit  or  renewal  of  a  permit  because  of  failure 
of  applicant  to  comply  \^th  the  forest  practice  rules.  This  provision  should 
be  very  effective  in  obtaining  compliance  with  the  rules  but  it  is  too  early 
yet  to  fully  evaluate  its  effectiveness. 

Division  of  Soil  Conservation  (Department  of  Conservation).  This 
agency  is  primarily  responsible  for  the  execution  of  two  functions,  each  of 
which  is  administered  by  a  separate  section.  The  two  functions  are  Program 
Development  and  V/atershed  Planning.  Program  Development  promotes  Soil  Con- 
servation Districts  throughout  the  State  and  administers  A.B.  11^^.—/  ^ 
work  is  done  by  field  representatives  who  maintain  close  contact  with  rural 

organizations  and  advise  them  of  the  availability  of  various  federal  and 
state  aid  programs.   A.B.  ll^+^ii/  is  a  grant-in-aid  program,  funded  by  aji 
annual  appropriation.  In  the  past  this  has  amounted  to  $100,000  annually. 
The  grants  are  given  for  a  ^^d.de  variety  of  conservation  projects  and  usually 
require  that  some  percentage  of  the  granted  amount  be  contributed  by  the 
grantee. 

Watershed  planning  for  Public  Law  5665./  projects  is  carried  out  at 
several  levels  by  an  engineering  staff  in  the  division.  The  division  con- 
ducts field  reviews,  makes  reconnaissance  investigations,  and  prepares 


hj   Public  Resources  Code,  Section  9063.I. 

2/  Watershed  Protection  and  Flood  Prevention  Act,  68  Stat.  666; 
16  U.S.C.,  Sec.  1001  et.  seq.;  1958  ed. 


-lli+- 


watershed  work  plans  for  local  districts,  final  submission  being  to  the 
federal  authorities.  The  division  is  the  State's  technical  representative 
in  dealing  with  the  U.  S.  Soil  Conservation  Service  in  matters  involving 
this  act. 

Under  certain  conditions  the  Division  of  Soil  Conservation  can 
vindertake  special  contract  work  for  other  state  agencies.  Of  particular 
interest  in  the  Eel  River  Basin  is  a  report  prepared  under  such  a  contract 
with  the  Division  of  Beaches  and  Parks  on  flood  control  and  erosion  problems 
in  the  Bull  Creek  watershed  (Humboldt  County)  in  1961. 

Division  of  Beaches  and  Parks  (Department  of  Parks  and  Recreation). 
This  agency  is  concerned  \d.th  the  acquisition,  care,  and  management  of  scenic, 
recreational,  sind  historic  areas  throughout  the  State.  In  the  Eel  River 
Basin,  the  diversion  deals  almost  entirely  with  redwood  lands  in  five  separate 
units.   These  are  Humboldt  Redwoods  (approximately  37^000  acres),  Grizzly 
Creek  Redwoods  (15O  acres),  and  Richardson  Grove  (796  acres)  State  Parks; 
and  Admiral  william  H.  Staxidley  (^5  acres)  and  Benbow  Lake  (223  acres)  State 
Recreation  Areas. 

Although  there  are  different  principles  of  management  for  the 
State  Parks  and  the  State  Recreation  Areas,  these  are  largely  preservational 
in  nature  in  both  cases,  which  is  in  accordance  ^-dth  the  objectives  for  which 
they  v/ere  established.  This  policy  is  also  in  harmony  with  the  aims  of  the 
donors  of  the  redwood  lands,  the  Save-the-Redwoods  League.  As  most  of  the 
redwood  lands  in  state  parks  in  the  Eel  River  Basin  are  in  near-virgin 
conditions,  only  a  rainimxam  of  concern  over  watershed  management  is  generally 
felt.  The  outstanding  exception  is,  of  course,  the  flood,  erosion,  and 
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debris  problems  on  Bull  Creek  in  the  H\imboldt  Redwoods  State  Park.  The 
origin  of  this  problem  was,  however,  on  private  lands  above  and  outside  the 
park,  and  is  currently  being  solved  thro\igh  the  acquisition  of  these  lands 
for  restoration  and  protective  custody. 

State  holdings  of  redwood  lands  in  parks  will  -undoubtedly  increase. 
Almost  all  the  lands  in  the  upper  extremes  of  Bull  Creek  are  being  obtained 
by  the  Save- the- Redwoods  League  and  donated  to  the  State.  Other  scattered 
redwood  tracts  are  also  periodically  purchased  and  donated.  This  acquisition 
and  donation  program  is  expected  to  continue. 

Department  of  Water  Resovirces .  The  primary  objectives  of  the 
Department  of  Water  Resources  are: 

1.  To  plan  for  and  guide  the  development  of  California's  water 
reso\rrces,  subject  to  laws  and  executive  orders,  to  the  end  that 

the  water  needs  of  the  people  of  California  may  be  met  most  effectively, 
economically  and  equitably;  and 

2.  To  construct  and  operate  physical  works  associated  with 
this  development  v/here  authorized  to  do  so  by  the  Legislature,  and 

to  support  auad  encoiirage  such  construction  and  authorization  by  other 

agencies  where  appropriate. 
The  department  has  many  obligations  and  responsibilities  concerned  with  the 
general  fields  of  planning,  construction,  operation,  administration,  and 
inventory. 

The  Upper  Eel  River  Development,  selected  as  the  first  addition  to  the 
State  V/ater  Project  in  the  Worth  Coastal  area  is  of  great  importance  to  the 
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Eel  River  Basin.  This  project  will  consist  of  dams  and  reservoirs  with 
appurtenant  transfer  facilities.  While  the  projects  concerned  will  be  com- 
prised strictly  of  engineering  v/orks,  their  development  and  operation  will 
result  in  certain  unavoidable  interactions  with  the  soil  and  vegetative  re- 
sources which  can  be  determined  only  approximately. 

In  an  effort  to  encourage  and  assist  in  local  water  development 
and  conservation,  the  Davis-Grunsky  Act  was  enacted  in  195^.^  Its  adminis- 
tration is  handled  by  the  Department  of  V/ater  Reso\irces. 

Briefly,  the  aims  of  the  Davis-Grunsky  Act  are  to: 

1.  Provide  state  loans  to  public  agencies  for  construction  of 
local  water  projects  when  such  agencies  are  unable  to  obtain  finaincing 
on  reasonable  terras  from  other  sources. 

2.  Encourage  development  of  the  recreational  and  fish  and  wildlife 
potentials  of  local  water  projects  by  making  state  gramts  for  such 
purposes. 

3-  Enable  the  State  to  participate  as  a  partner  in  the  develop- 
ment, construction,  or  operation  of  local  ^^^ater  projects,  where  such 
participation  is  necessary  for  optimum  development  of  the  resources.!/ 
This  program  was  not  intended  to  compete  ^^d.th  private  sources  of 
finajicing,  or  with  other  governmental  aid  programs.  The  State's  role  was 
conceived  as  one  of  "filling  the  gap,"  v/here  private  or  governmental  sources 
proved  to  be  inadequate  or  inappropriate.  As  of  October  1,  I963,  although 
76  requests  for  determination  of  eligibility  have  been  filed  under  the  program, 


6/  Ch.  1752,  Stats.  1959. 

2/  State  of  California.   "State  Financial  Assistance  for  Local  V/ater 

Projects  Under  the  Davis-Grunsky  Act."  The  Resources  Agency  of 

California.  33  PP-   I962. 
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only  22  formal  applications  have  been  filed,  and  of  these  only  13  have  heen 
approved  for  a  total  of  $2.9  million  in  loans  and  $6.8  million  in  grants. 

The  Department  of  Water  Resources  performs  as  the  State' s  official 
reviewing  agency  for  most  federal  agency  reports  of  vater  development  plans 
in  California.  The  State's  interest  lies  not  only  in  the  optimum  development 
of  the  vater  resource  and  coordination  with  The  California  Water  Plan,  but 
also  in  the  review  of  lands,  easements,  rights-of-way,  and  relocation  costs—' 
as  well,  since  these  costs  are  borne  by  the  State  for  authorized  flood 
control  projects. 

Several  water  inventory  functions  are  performed,  some  in  cooperation 
with  federal  agencies,  by  the  department.  These  include  measurements  of  flow, 
and  water  quality,  and  suspended  sediment  in  cooperation  with  the  U.  S. 
Geological  Survey,  precipitation  with  the  U.  S.  Weather  Bureau,  ground  water 
and  waste  water  discharge. 

A  currently  active  Coordinated  Statewide  Planning  Program  seeks  to: 
(l)  determine  the  water  supply,  present  water  uses,  future  water  requirements, 
and  resulting  surpluses  or  deficiencies  for  given  drainages;  (2)  integrate  time 
and  economics  into  the  evaluation  of  future  water  requirements,  develop  basic 
data  to  determine  need,  project  sizing,  economic  justification,  and  financial 
feasibility;  and  (3)  provide  for  continuing  reappraisal  of  project  capabilities. 
In  short,  it  will  determine  how  much  water  an  area  has,  how  much  it  needs,  and 
when  the  water  should  be  delivered  to  it.  A  report  covering  this  program  in 
the  Eel  River  Basin  is  presently  being  prejared,  and  should  be  completed  within 
a  year. 

Other  duties  of  the  department  include  special  investigations  for 
other  state  agencies.   Such  investigations  run  the  gamut  from  water  supply 


8  /  state  Water  Resources  Law  of  19^5,  Water  Code,  Div.  6,  Fart  6, 
Chapters  1  and  2. 
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studies  for  work  camps  or  ranger  stations  to  special  investigations  requested 
by  the  Legislature  to  emergency  flood  control  and  monitoring  services. 

Division  of  Highways  (Department  of  Public  Works).  The  basic  res- 
ponsibility for  planning,  constructing,  and  maintaining  of  State  Highways  is 
vested  in  the  California  Division  of  Highways,  a  unit  of  the  Dei)artment  of 
Public  Works.  Authority  in  the  Division  of  Highways  is  centered  in  the 
State  Highway  Engineer  who  has  delegated  many  of  the  management  and  engineer- 
ing functions  of  the  Division  to  District  Engineers  in  each  of  11  districts 
of  the  State.  The  entire  Eel  River  drainage  falls  within  the  bounds  of 
District  I,  headquartered  in  Eureka.   In  exercising  this  authority,  consider- 
ation is  given  to  some  items  of  importance  to  watershed  management.   Some 
examples  of  these  are  the  location  of  highway  drainage  structures,  the  crossing 
of  slide  areas,  the  exposure  of  slopes  to  erosive  forces,  and  in  limited 
instances  the  disposal  of  spoil  into  live  stream  channels  (generally  resorted 
to  only  in  emergency  situations). 

Although  the  Division  of  Highways  has  several  manuals  covering  all 
phases  of  planning,  construction  and  maintenance,  each  of  which  deals  to  some 
degree  with  the  previously  mentioned  features,  there  are  three  guides  used  by 

the  division  which  deal  specifically  with  these  features.  These  publications 

9/ 
are  "California  Ciolvert  Practice, "^^    Bank  and  Shore  Protection  in  California 

Highway  Practice,"^  and  "Erosion  Control  on  California  State  Highways.  "'^ 

The  location,  selection  and  type  of  drainage  structures  to  be  used 

in  any  given  instance  is  treated  in  "California  Culvert  Practice"  and  "Bank 


_2/  State  of  California.  "California  Culvert  Practice  (Second  Edition)." 

Department  of  Public  Works,  Division  of  Highways.   119  PP.   19'*-^. 

10/  State  of  California.  "Bank  and  Shore  Protection  in  California  Highway 

Practice."  Department  of  Public  Works,  Division  of  Highways. 

i+23  pp.  i960. 

Uj    State  of  California.  "Erosion  Control  on  California  State  Highways." 

Department  of  Public  Works,  Division  of  Highways.   71  pp.   1950. 
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and  Shore  Protection  in  California  Highway  Practice."  The  specific  design  of 
structures  is  covered  in  greater  detail  in  planning  manuals  of  the  Division 
of  Highways.  These  publications  and  manuals  are  used  as  guides  to  assist  in 
proper  selection  and  design.   Soil  stability  and  erosion  control  must  be 
considered  in  such  selection  and  design.  The  overall  objective  is  protection 
of  the  highway  and  of  the  abutting  property.  This  objective  ordinarily  results 
in  proper  treatment  from  the  standpoint  of  watershed  management. 

Erosion  control  on  slopes  is  discussed  in  "Erosion  Control  on 
California  State  Highways."  This  publication  covers  standard  erosion  control 
measures  for  soils  exposed  during  highway  construction,  and  control  measures 
for  a  niomber  of  different  situations  are  suggested.   The  objectives  of  this 
publication  conform  closely  to  good  watershed  management  objectives. 

In  the  design  and  construction  of  state  highways,  all  reasonable 
attonpts  are  made  to  avoid  areas  of  questionable  land  stability;  however,  on 
occasion  complete  avoidance  of  these  areas  by  the  Division  of  Highways  is 
difficult,  if  not  impossible.   In  these  instances,  potential  slide  areas  are 
investigated  and  the  design  of  slopes  and  grade  lines  are  based  on  the  results 
of  these  studies.  As  might  be  expected,  every  reasonable  effort  is  made  to 
minimize  construction  and  maintenance  problems.  There  are,  however,  instances 
where,  in  spite  of  these  efforts,  some  placement  of  loose  soil  material  into 
a  live  stream  may  occur,  particularly  when  emergency  action  is  dictated  in  the 
removal  of  slide  material.   This  occurrence  can  adversely  affect  any  existing 
fish  population;  however,  an  interagency  Memorandum  of  Understanding  has  been 
executed  which  provides,  among  other  items,  for  the  consideration  of  corrective 
action  once  the  emergency  status  is  past. 

The  Memorandum  of  Understanding  between  the  Department  of  Public 
Works  and  the  Department  of  Fish  and  Game  recognizes  the  effect  of  highways 
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on  the  wildlife  resources  of  an  area.   This  memorandum  allows  for  appropriate 
review  of  highway  plans  as  they  may  effect  fish  and  wildlife  by  the  Department 
of  Fish  and  Game.   This  agreement  is  primarily  a  cooperative  instniment  ajid 
eil though  final  design  decisions  are  retained  by  the  Department  of  Public  Works, 
it  has  been  found  to  be  satisfactory.  The  two  state  agencies.  Fish  and  Game 
and  Highways,  report  no  existing  areas  of  serious  conflict  between  highway 
and  wildlife  projects. 

The  process  of  highway  plsuining  requires  a  great  deal  of  Judgment 
and  inevitable  failures  occur  because  of  a  human  inability  to  adequately 
envision  all  resulting  consequences,  and  because  of  the  infeasibility  of 
financing  projects  without  some  risk. 

State  Water  Quality  Control  Board  and  Regional  Water  Pollution 
Control  Boards.  Within  California,  the  responsibility  for  the  prevention, 
abatement,  and  control  of  pollution  rests  with  the  state  and  regional  boards. 
These  boards  were  created  in  19^9  "to  provide  a  means  of  coordinating  the 
actions  of  the  many  government  agencies  involved  in  the  prevention  and  control 
of  water  pollution  and  to  place  control  on  a  local  or  regioned  level.  These 
agencies  include  the  Departments  of  Fish  and  Game,  Water  Resources,  smd  Public 
HeeLLth.   The  state  and  regional  boards  can  make  studies,  contract  with  other 
agencies  to  conduct  investigations,  formulate  long-range  plans  and  policies, 
prescribe  waste  discharge  requirements  for  existing  and  proposed  sewage  and 
industrial  waste  discharges,  request  enforcement  of  water  pollution  laws  by 
appropriate  public  agencies,  issue  cease  and  desist  orders,  and  initiate 
court  action  if  persons  fail  to  comply  with  corrective  orders. 

Through  the  efforts  of  government  agencies,  instances  of  pollution 
and  contamination  have  been  prevented  or  abated  throughout  the  Eel  River 
watershed.   Although  pollution  can  be  prevented  through  proper  use  of  the 
pollution  control  laws,  impairment  of  these  waters  can  be  expected  to  occur. 
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Reasonable  impairment  from  both  industrial  and  domestic  wastes,  which  is  now 
occurring,  can  be  expected  to  increase  with  continued  development  and 
associated  population  increases.  This  impairment  will  probably  result  in 
increases  in  the  mineral  content  and  turbidity  of  the  river  waters  and  could 
result  in  significant  temperature  changes. 

Although  the  pollution  control  laws  are  quite  broad  and  compre- 
hensive, there  appears  to  be  some  question  whether  they  cover  water  quality 
impairment  created  by  erosion  which  is  aggravated  and  unreasonably  increased 
by  uncontrolled  development.   If  impairment  is  severe  enough  and  the  cause 
can  be  established,  action  might  then  be  taken  through  the  Fish  and  Game  Code 
to  correct  the  situation,  but  controls  are  needed  to  prevent  the  impairment 
rather  than  merely  to  abate  it. 

Federal  Agencies 

Bureau  of  Leind  Management  (Department  of  the  Interior).  This  agency 
was  created  in  19^6,  combining  the  activities  and  organizations  of  the  Genereil 
Land  Office  and  the  Grazing  Service.   Its  function  is  the  management  of  lemds 
within  the  public  domain,  its  main  efforts  centering  on  grazing  and  timber 
management  activities  but  also  including  mineral  ajid  land  disposal  activities 
as  well.   Upon  formation  of  the  Bureau,  rajige  management  activities  were 

continued  from  the  original  Grazing  Service  legislation,  the  Taylor  Grazing 

12/ 
Act  of  193^, — ^  and  timber  management  was  authorized  on  lands  within  the  public 

domain  in  the  Materials  Disposal  Act  of  1947—  and  Section  T  of  the  Taylor 

Grazing  Act.   in  the  Eel  River  Basin,  public  domain  constitutes  an  estimated 

90,000  acres  of  generally  lower  quality  leuids,  scattered  in  a  somewhat  random 


12/  48  Stat.  1269;  43  U.S.C. ,  Sec.  315  et.  seq. ;  I958  ed. 
13/  61  Stat.  68I;  30  U.S.C.,  Sees.  601-6o4;  I958  ed. 
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fashion  throughout  the  Mendocino  and  Trinity  County  portions  of  the  drainage. 
Some  public  dcmain  lands  are,  in  fact,  contiguous  to  the  Mendocino  and  Six 
Rivers  National  Forests. 

Although  a  valid  function  of  the  Bureau  of  Land  Management  has 
historically  been  the  disposal  of  public  domain  to  private  ownership,  the 
recent  trend  has  been  toward  the  conscientious  management  of  these  lands. 
Most  of  the  timberlands  are  managed  on  a  sustained  yield  basis,  and  sales  are 
handled  on  a  bid  system  accompanied  by  stringent  logging  contracts.   However, 
grazing  rights,  because  of  provisions  of  the  Taylor  Grazing  Act,  are  handled 
on  what  might  be  termed  a  preferred  rights  system,  whereby  IocslI  or  adjacent 
landowners  are  given  preferential  grazing  privileges.  The  fees  are  acknow- 
ledged to  be  significantly  lower  than  competitive  local  private  grazing 
charges,  but  this  apparent  subsidy  is  well  within  the  spirit  of  the  Taylor 
Grazing  Act. 

Considerations  of  watershed  management  are  woven  into  timber  and 
grazing  management  plans.   However,  there  is  a  "Soil  and  Moisture"  program 
organized  as  a  part  of  the  grazing  function,  which  promotes  the  rehabilita- 
tion of  damaged  or  otherwise  eroded  public  domain  lands.  There  are  no  known 
Bureau  of  Land  Management  rehabilitation  projects  in  the  Eel  River  Basin  at 
present. 

Forest  Service  (Department  of  Agriculture).  The  primary  mission 
of  the  U.  S.  Forest  Service  is  the  protection,  development,  and  management 
of  the  National  Forests  which  are  assigned  to  their  care.   Because  of  this 
obligation,  the  Forest  Service  is  directly  concerned  with  timber,  range, 
recreation,  wildlife,  and  watershed  management.  This  agency  has  direct  manage- 
ment responsibilities  for  about  one-fifth  of  the  Eel  River  Basin. 
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The  first  "Forest  Reserves"  were  set  aside  from  the  public  domain 
under  the  provisions  of  the  Forest  Reserve  Acts  of  I89I — •'  and  lQ^'J.-^     The 
Forest  Service  was  formed  by  the  Agricultural  Appropriations  Act  of  I9OI,— 
which  converted  the  Division  of  Forestry  to  the  Bureau  of  Forestry,  later 
changed  to  the  more  euphonious  Forest  Service.   In  I905,  the  administration 
of  the  national  forest  reserves  was  transferred  to  the  Department  of 
Agriculture,  and  they  were  renamed  National  Forests.   The  Forest  Service,  soon 

after  its  formation,  "became  recognized  as  one  of  the  most  efficient  bureaus 

.17/ 
in  Washington,  with  an  espirit  de  corps  that  was  unmatched.  — "-   This  legacy 

and  reputation  has  followed  to  the  modem  day. 

The  basic  land  unit  of  Forest  Service  administration  is  the  Ranger 
District,  and  its  manager  is  the  District  Ranger.   Several  ranger  districts 
comprise  a  National  Forest;  e.g.,  Mendocino,  which  is  administered  by  a  Forest 
Supervisor.   Regional  supervision  of  the  National  Forests  is  by  a  Regional 
Forester  (San  Francisco)  and  national  administration  by  a  Chief  Forester 
(Washington).   Portions  of  the  eastern  mountain  area  of  the  Eel  River  Basin 
are  managed  by  the  Willows,  Stonyford,  Upper  Lake,  Ukiah,  and  Covelo  Ranger 
Distracts  of  the  Mendocino  National  Forest,  and  by  the  Mad  River  Ranger  District 
of  the  Six  Rivers  National  Forest,  grossing  about  500,000  acres  of  \;hich  an 
estimated  425,000  are  in  federal  ownership. 

Recent  Forest  Service  policy  has  been  guided  by  the  Act  of  June  12, 
i960, — '  which  made  law  of  its  long-practiced  management  concept  of  "the 
greatest  good  for  the  greatest  number  in  the  long  run. "  Not  only  a  management 


14_/  26  Stat.  1095;  16  U.S.C,  Sec.  kH   et.  seq.  ,  I958  ed. 

15/  30  Stat,  3U;  16  U.S.C,  Sec.  UtI  et.  seq.,  I958  ed. 

l|/  31  Stat.  929, 

17/  Dana,  S.  T,  "Forest  and  Range  Policy."  McGraw-Hill  Book  Company,  Inc., 

New  York.  455  PP.   1956. 
16/  74  Stat,  215. 
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directive,  it  also  implies  responsibility  for  the  stewardship  of  all  the  forest 
resources  in  combination,  and  derivation  of  the  maximum  net  benefit.  This 
policy  is  intertwined  into  all  decisions  affecting  the  use  of  lands.   It 
makes  mandatory  the  recognition  of  all  values  of  land  for  all  uses,  and  has 
led  to  the  creation  of  multiple  use  plans  for  all  Ranger  Districts.  Water 
production  is  officially  recognized  by  the  Forest  Services  as  a  valid  use  of 
land. 

The  obvious  management  of  forests  for  timber  has  occupied  Forest 
Service  attention  since  its  infancy.   Timber  is  managed  on  a  sustained  yield 
basis  through  development  of  timber  management  plans  that  are  consistent  with 
the  miiltiple  use  plans.   Sales  of  timber  are  planned  by  the  District  Ranger  and, 
depending  upon  the  sale  size,  are  reviewed  and  approved  by  staff  personnel  at 
higher  administrative  levels.   In  this  process,  contract  timber  harvesting 
specifications  are  written  to  cover  every  conceivable  situation  where 
associated  natural  resources  might  be  affected  by  the  operation.  The  method 
to  be  used  is  specified,  as  are  access  road  standards,  fire  control  measures, 
slash  disposal,  silvicultural  considerations,  etc.   Upon  execution  of  the  sale 
and  the  initiation  of  the  actual  timber  harvesting,  the  operation  is  inspected 
periodically  by  Forest  Service  personnel  for  compliance  with  the  contract. 
Violation  of  contract  specifications  by  the  logger  can  result  in  the  closure 
of  the  operation  until  the  transgressions  are  corrected. 

Range  forage  is  sold  by  a  preference  system,  wherein  privileges  to 
graze  National  Forests  are  allocated  to  previous  users  of  the  range,  and 
adjacent  and  local  landowners.   This  preference  can  be  transferred  with  the 
sale  of  the  commensurate  property  or  livestock  that  form  the  basis  of  the 
preference.   Fees  charged  are  often  somewhat  lower  than  for  competive  local 
private  land,  as  one  function  of  the  system  is  to  assist  in  the  stabilization 
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of  the  local  economy.   Fees  are  developed  regionally  and  adjusted  ajinually 
based  on  market  conditions. 

Provisions  for  control  of  grazing  on  the  National  Forests  are  written 
into  the  grazing  permits  and  are  implemented  through  grazing  allotment  analyses 
and  plans.   Removal  or  reduction  of  grazing  pressure  for  the  protection  of 
the  range  is  a  practiced  management  tool,  although  the  range  user  is  provided 
with  an  appeal  procedure  should  he  feel  the  adjustments  are  unwarranted.   This 
control  step  is  sometimes  necessary  to  maintain  a  sustained  yield  of  forage, 
which  can  be  considered  as  analogous  to  the  sustained  yield  concept  of  timber. 

Watershed  management  considerations  at  the  district  level  are 
accounted  for  internally  in  the  management  of  timber,  range,  and  other 
resources  and  uses,  and  through  staff  review  and  funding  control  at  the 
National  Forest,  regional,  and  national  levels.   The  review  of  resource  plans 
provides  staff  officers  an  opportunity  to  suggest  changes  in  management.   In 
this  sense,  personnel  concerned  with  soil  stability  and  water  control  function 
as  a  conscience  for  specific  land  uses. 

Congressionally  appropriated  funds  are  allocated  through  the  Regional 
Office  to  the  forests  and  districts  for  watershed  restoration  projects.  These 
projects,  which  average  several  thousand  dollars  apiece,  are  generally  devoted 
to  the  stabilization  of  eroding  nonsystem  roads,  streambanks,  and  watershed 
slopes.  Funds  are  also  available  for  the  rehabilitation  of  bums. 

Despite  sound  policies  of  practice  and  a  close  system  of  review, 
watershed  impairment  does  occur  on  National  Forests.  This  usually  results 
because  of:   (l)  an  inability  to  envision  all  possible  circumstances  in  plan- 
ning; (2)  inadequate  research  and  soils  knowledge  upon  which  to  base  decisions; 
(3)  an  excessive  concern  with  economics  which  sometimes  results  in  minimum 
programs;  and  {h)   inadequate  appropriations  to  finance  urgently  needed  projects 
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and  staff  all  activities  to  give  first-class  supervision  to  other  resource 
and  development  activities. 

The  Forest  Service  also  performs  the  vital  function  of  research  in 
wildland  management.  The  disciplines  studied  include  recreation,  wildlife, 
range  management,  timber  management,  watershed  management,  and  the  use  and 
occurrence  of  fire.  The  research  varies  in  intensity  and  nature,  including 
both  basic  and  applied  aspects  of  the  subject  matter  outlined. 

In  California,  forest  research  is  carried  out  through  the  Pacific 
Southwest  Forest  and  Range  Experiment  Station  centered  in  Berkeley.   Such  a 
location  is  customary  in  order  to  maintain  academic  contact  with  universities, 
to  the  benefit  of  both  parties  concerned.   Experimental  work  is  usually  con- 
ducted on  National  Forest  or  other  public  lands,  primarily  because  scientific 
control  over  land  use  can  be  exercised  in  this  situation.   In  watershed 
management  research,  the  ultimate  aim  is  to  measure  the  effect  of  land  use 
on  the  water  resource  --  primarily  with  respect  to  sedimentation,  flood  control, 
and  water  yield.   Past  watershed  management  research  has  been  confined 
entirely  to  the  Sierra  Nevada  and  to  Southern  California,  the  most  well  known 
locations  being  the  Central  Sierra  Snow  Laboratory  at  Soda  Springs,  and  the 
San  Dimas  Experimental  Forest  at  GO-endora. 

The  Forest  Service  is  actively  engaged  in  a  cooperative  watershed 
research  project  with  the  Division  of  Forestry  and  the  Departments  of  Water 
Resources  and  Fish  and  Game,  on  the  Caspar  Creek  drainage  in  the  Jackson  State 
Forest  near  Fort  Bragg. 

An  investigation  of  the  occurrence  and  nature  of  landslides  in 
Northern  California  is  in  the  initial  planning  stage.  This  study  will  not  be 
concentrated  in  a  single  location;  it  will  sample  slides  or  potential  slides 
from  the  entire  area.   The  study  will  accent  the  soil  moisture,  geology,  and 
land  use  aspects  of  the  problem. 

-127- 


Soil  Conseinration  Service  (Department  of  Agriculture).   The  Soil 
Conservation  Service  (commonly  abbreviated  as  SCS)  is  the  technical  soil  and 
water  conservation  agency  of  the  Dejjartment  of  Agriciilture.   It  is  responsible 
for  developing  and  carrying  out  a  national  program  of  conservation  of  land  and 
water  resources.   Its  primary  job  is  helping  farmers  and  ranchers,  individually 
or  in  groups,  in  conservation  work  on  their  lands.  Assistance  is  provided 
mainly  through  locally  organized  soil  conservation  districts. 

The  SCS  provides  technical  assistance  to  other  agencies  in  the 
Department  of  Agriculture.   The  programs  include  the  Soil  Bank,  Agricultural 
Conservation  Program  (ACP),  and  loan  features  of  the  Farmers  Home  Adminis- 
tration. 

Several  functions  of  the  SCS  are  of  particular  interest  to  applied 

watershed  management  in  the  Eel  River  Basin,   With  respect  to  the  Soil  Conser- 

19/ 
vation  and  District  Allotment  Act  aid  program,-^'  parts  of  the  Eel  River  Basin 

fall  into  four  separate  districts.   With  the  exception  of  Humboldt  County, 

all  of  the  Eel  River  Basin  is  included.  These  districts  are  referred  to  as 

Mendocino  County,  Westlake  (Lake  County),  Trinity  County,  and  Elk  Creek  (Glenn 

County),   Servicing  SCS  offices  which  aid  these  districts  are  located  in 

Sebastapol  and  Red  Bluff.   Because  of  the  lack  of  a  Soil  Conservation  District, 

very  little  work  is  carried  out  by  the  SCS  in  Humboldt  County. 

The  Soil  Conservation  Service  carries  out  soil  surveys  to  meet  the 
immediate  needs  of  the  soil  and  water  conservation  programs.   Survey  reports 
on  specific  areas  are  published,  but  to  date,  none  have  been  developed  for 
the  Eel  River  Basin. 

Several  watershed  protection  and  flood  prevention  programs  are 


19_/  49  Stat.  163;  16  U.S.C.  ,  Sec.  590a  et.  seq. ;  I958  ed. 
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administered  through  the  SCS  in  cooperation  with  federal  and  state  agencies. 

The  first  of  these  programs  deeils  with  11  major  watershed  specifically 

20/ 
authorized  under  the  Flood  Control  Act  of  1944, — '  of  which  two  are  in 

Southern  California.   In  these  projects  the  SCS  prepares  the  work  plans, 

installs  the  structures,  and  assists  in  planning  soil  conservation  measures 

on  the  tributary  drainages.   None  of  these  exist  in  the  Eel  River  Basin. 

Fifty-eight  small  pilot  watersheds  have  been  established  in  32  states 

to  demonstrate  what  might  be  accomplished  in  the  protection  of  upstream  areas 

from  floods,  and  to  show  the  physical  and  economic  benefits  of  soil  and  water 

conservation  measures.  These  watersheds  were  also  intended  to  serve  as 

models  to  gain  experience  in  local -state-federal  cooperation  in  planning  work, 

being  the  forerunners  to  projects  authorized  under  the  V/atershed  Protection 

21/ 
and  Flood  Pi-evention  Act. — ' 

The  V/atershed  Protection  and  Flood  Prevention  Act  provides  for  tech- 
nical and  financial  assistance  by  the  Department  of  Agriculture  to  local 
organizations  for  land  treatment,  flood  prevention,  and  the  conservation, 
development,  utilization,  and  disposal  of  water  on  watersheds  up  to  250,000 
acres  in  size.  This  has  been  the  service' s  most  popular  comprehensive  program 
to  date,  although  there  are  no  completed  or  proposed  units  in  the  Eel  River 
watershed.   There  are,  however,  two  completed  projects  in  Sonoma  County 
(Central  Sonoma)  and  in  Lake  County  (Adobe  Creek)  to  the  south. 

The  program  was  designed  to  combine  land  treatment  and  structural 
measures  for  soil  conservation  and  water  management ,  the  latter  on  a  smaller 
scale  than  previously  available  through  federal  aid  programs.  These  projects 
fill  the  gap  in  size  between  what  an  individual  landowner  might  be  expected  to 
construct  by  himself  and  programs  available  under  the  administration  of  the 


20/  58  Stat.  887;  33  U.S.C.  ,  Sec.  701f-3;  1958  ed. 

21/  68   Stat.  666;  16  U.S.C,  Sec.  1001  et.  seq. ;  1958  ed. 
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Bureau  of  Reclamation  and  the  Corps  of  Engineers.   Structirral  measures  can 
be  of  three  kinds:   (l)  flood  prevention  measures,  which  are  eligible  for 
federal  assistance  up  to  full  cost;  (2)  agricultural  vater  management  measures 
such  as  drainage  and  irrigation  which  are  also  eligible  for  federal  technical 
assistance  and  cost  sharing;  (3)  nonagriculturail  water  management  measures  -- 
such  as  municipal  or  industrial  water  supplies,  streamflow  regulation,  or 
wildlife  and  recreation  facilities  --  which  are  also  eligible  for  cost  sharing. 
However,  the  installation  of  approved  land  treatment  must  be  at  least  assured 
before  structures  can  be  installed. 

While  the  act  has  been  somewhat  of  a  success  in  the  midwestem 
states,  obvious  difficulties  have  come  to  light  in  applying  it  in  California. 
Together  with  a  limitation  on  the  maximum  watershed  size  of  250,000  acres, 
the  law  limits  flood  control  storage  in  a  project  reservoir  to  5,000  acre-feet. 
California' s  characteristic  rainfall  and  runoff  pattern  does  not  easily  con- 
form to  this  restriction,  and  this  limitation  has  proven  to  be  somewhat  of  a 
stumbling  block.  Also,  as  floods  in  California  are  almost  entirely  limited  to 
winter  months,  while  crops  are  grown  in  the  summer,  it  has  been  difficult  to 
justify  a  flood  control  project  on  the  basis  of  damages  to  agricultural 
values.   Because  of  these  factors,  the  application  of  the  law  has  gravitated 
tovrards  urban  areas  in  California,  which  has  not  been  the  primary  intent  of 
this  program. 

Bureau  of  Reclamation  (Department  of  the  Interior).  Although  a 
major  water  development  agency  in  the  western  United  States,  in  the  past  the 
Bureau  of  Reclamation  (abbreviated  USBR  or  "Bureau")  has  been  only  incidentally 
concerned  with  strictly  watershed  management  matters.   Attention  has  been 
primarily  centered  on  large-scale  projects  to  develop  waters  for  irrigation 
supplies,  and  as  fits  these  projects,  with  flood  control,  power  production, 
recreation,  etc. 
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In  their  efforts  to  supply  water  to  areas  of  deficiency,  the  Bureau 
of  Reclamation  is  conducting  studies  to  export  surplus  winter  flows  southward 
from  the  Eel  River  through  a  system  of  engineering  works.   Present  Bureau 
plajis  are  somewhat  similar  to  state-envisioned  features  currently  under  study 
by  the  Department  of  Water  Resources.  Although  there  are  differences  in  the 
plans  of  these  two  eigencies,  joint  meetings  are  regularly  held  to  coordinate 
the  respective  planning  studies. 

Construction  of  reclamation  projects  is  carried  out  throvigh  a  nimiber 
of  programs  including  the  program  authorized  by  the  Small  Reclamation  Projects 
Act  of  1956, ±z/  which  fits  small  irrigation  project  needs  most  conveniently. 
Under  this  act,  total  project  cost  is  limited  to  $10,000,000,  and  federal 
participation  is  limited  to  $5,000,000.  This  law  is  especially  attractive 
in  that  repayments  on  capital  costs  allocated  to  irrigation  are  interest  free. 
There  are  at  present  no  USBR  projects  of  any  kind  operating  in  the  Eel  River 
Basin,  and  no  small  reclamation  projects  linder  consideration. 

While  the  Bureau' s  interest  with  watershed  management  traditionally 
has  been  only  as  it  affected  engineering  works,  recent  federeO.  policy  amend- 
ments should  broaden  and  increase  their  activity  in  this  field.   The  Executive 
Order  of  May  15,  I962,  (Senate  Document  97)  affects  the  coordination  of 
resoui-ce  development  between  the  Departments  of  the  Interior,  Agriculture, 
Health,  Education  and  Welfare,  and  Defense,  and  shovild  give  additioneil  latitude 
to  the  consideration  of  such  matters  as  soil  stability,  sediment  production 
and  retention,  and  land  conservation. 

Corps  of  Engineers  (Department  of  Defense).  The  Corps  of  Engineers 
(abbreviated  USCE  or  "Corps")  has  conducted  a  program  known  as  the  Civil 


22/  70  Stat.  1047;  ^3  U.S.C,  Sec.  Ii22a-k;  1958  ed. 
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Functions  of  the  Department  of  the  Army  (formerly  the  War  Department), 
extending  "back  to  colonial  times.   Until  the  more  "recent"  years  it  was 
devoted  solely  to  the  improvement  of  rivers  and  harbors  for  jjurposes  of 
navigation  and  national  defense.   In  I9IT,  activities  were  extended  to 
include  flood  control  on  the  Mississippi  and  Sacramento  Rivers  and  in  1936 
were  further  extended  to  nation-wide  scale. — ' 

Although  the  Corps  usually  plans  and  builds  large  stmctures  such 
as  dams  or  levees,  certain  small  flood  control  projects  may  be  constructed 
without  the  specific  authorization  of  Congress  under  provisions  of  the  Flood 

oh    ' 

Control  Act  of  19^8  as  amended. — ^      This  legislation  works  within  the  basic 

25/ 
framework  of  the  Flood  Control  Act  of  1936,-^  under  which  most  of  the  USCE 

work  is  done.  As  the  maximum  federal  expenditures  under  the  general  author- 
ization provisions  are  limited  to  $1,000,000  and  the  project  must  constitute 
a  complete  solution  to  the  flood  control  problem  involved,  this  program  in 
Northern  California  has  been  limited  to  small  levee  systems,  and  there  has 
been  no  concurrent  water  conservation  development  to  date.  There  is  at 
present  one  USCE  project  in  the  Eel  River  Basin,  a  flood  control  levee  built 
at  Sandy  Prairie  near  Fortuna  in  I96O,  but  no  existing  projects  under  the 
provisions  of  the  general  authorization. 

The  Corps  of  Engineers  is  concerned  with  watershed  management  only 
incidentally  and  as  it  might  affect  flood  control  structures  and  navigation 
maintenance.   There  is  no  enabling  legislation  which  allows  it  to  be  concerned 
with  upper  watershed  activities,  and  construction  in  the  past  has  been 
restricted  to  large  dams  and  levee  systems. 


23/  Golze' ,  Alfred  R.   "Reclamation  in  the  United  States."  The  Caxton 

Printers,  Ltd.,  Caldwell,  Idaho.   W6  pp.   1961. 
2h/   62  Stat.  1182;  33  U.S.C,  Sec.  701s;  1958  ed. 
2^/  49  Stat.  1570;  33  U.S.C,  Sees.  701a-f,  h;  1958  ed. 
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Public  Health  Service  (Department  of  Health,  Education,  and  Welfare). 
"The  Public  Health  Service  opei^tes  under  the  Federal  Water  Pollution  Control 
Act  of  1956,  which  provides  for  the  development,  in  cooperation  with  other 
Federal  Agencies,  with  state  water  pollution  control  agencies  and  interstate 
eigencies,  and  with  municix>alities  and  industries  involved,  of  comprehensive 
programs  for  eliminating  or  reducing  the  pollution  of  interstate  waters  and 

tributaries  thereof  and  improving  the  sanitary  condition  of  surface  and 

,,26/ 
underground  water.  — I      To  further  these  aims,  the  PHS  (abbreviation  for  Public 

Health  Service)  offers  technical  assistance  and  grants  for  certain  purposes, 
collects  basic  data,  and  carries  out  a  research  program  and  enforcement 
program.  The  PHS  supports  state  agencies  in  water  queility  management  and  con- 
servation programs.  The  value  of  soil  conservation  and  sediment  control  as 
pollution  abatement  measures  is  recognized  by  the  PHS  in  its  various  activities. 
However,  as  interest  is  limited  in  the  1956  act  to  interstate  waters,  the 
PHS  is  not  active  in  the  Eel  River  Basin  at  the  present  time. 

Bureau  of  Indian  Affairs  (Department  of  the  Interior).  This  agency 
is  the  trustee  of  n-H  natural  resources  and  receipts  thereof  of  Indian  lands 
in  the  United  States.   In  the  Eel  River  Basin,  Indian  lands  total  about  20,000 
acres,  occupied  by  about  6OO  Indians  in  one  reservation  (Round  Valley)  and  three 
rancherias  (Laytonville,  Sherwood,  and  Rohnerville).  The  principal  use  of  the 
land  is  for  range  and  timber  purposes,  which  is  overseen  by  technical  personnel 
of  the  Bureau.  Grazing  privileges  are  sold  with  a  preference  to  Indian  users, 
their  fees  being  about  one-half  of  a  non-Indian  user's  fees.   Grazing  privileges 
on  lands  beyond  the  Indians'  needs  are  sold  on  a  competitive  bid  system,  but 


26/  Bowering,  Reginald,  and  Spies,  Kenneth  M. ,  and  Neale,  Alfred  T.  and  Bullard, 
William  E.   "Watershed  Control  for  Water  Quality  Management."  Pollution 
Control  Council,  Pacific  Northwest  Area,  (Reproduced  by  U.S.  Department 
of  Health,  Education,  emd  Public  Welfare  Health  Service,  Portland, 
Oregon).   36  pp.   I96I. 
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in  practice  they  usually  are  most  economically  obtained  by  adjacent  land- 
owners.  Profits  from  logging  operations  revert  to  the  Indian  owners,  and 
where  appropriate,  are  disbursed  through  the  cooperation  of  the  resident 
tribal  organization.   V/atershed  management  practices  consciously  applied  for 
erosion  control  usually  only  incorporate  the  installation  of  water  bars  on 
access  logging  roads.   Generally,  culverts  are  not  installed  at  stream  cros- 
sings, and  roads  are  not  reseeded  after  use  and  "put  to  bed." 

The  trend  in  California  in  recent  years  has  been  towards  the  with- 
drawal of  federal  supervision  of  Indian  activities.  Thus,  it  can  be  antici- 
pated that  lands  under  the  management  described  above  will  decrease  in  the 
futxire. 

Fish  and  Wildlife  Service  (Department  of  the  Interior).  The  River 
Basin  Studies  Branch  of  the  Fish  and  Wildlife  Service  is  the  federal  agency 
responsible  for  reporting  on  fish  and  wildlife  interests  which  may  be  effected 
by  any  existing  or  proposed  federal  water  project.   In  this  capacity,  any 
federal  water  project  (USCE,  USER,  SCS)  or  any  other  project  having  federal 
interest  on  federal  lands,  or  using  federal  monies,  is  investigated  from  the 
standpoint  of  effects  upon  fish  and  wildlife  values.   Its  mission  then  is  to 
study  the  effects  of  water  development  projects  on  fish  and  wildlife  resources 
and  to  recommend  measures  to  project  construction  agencies  for  the  enhancement 
of  fish  and  wildlife  and  the  prevention  of  damages  to  these  resources. 

Reports  on  potential  water  projects  are  submitted  in  project  reports 
to  Congress  and  are  embodied  in  the  recommendations  of  the  Secretary  of  the 
Interior.  The  service  has  no  regxilatory  powers,  no  aid  or  grant  programs,  but 
performs  a  minimum  of  applied  research  and  inventory  work.  A  great  deal  of 
its  efforts  are  consumed  in  essentially  consulting  work  to  other  federal 
agencies,  namely,  the  Bureau  of  Reclamation  and  Corps  of  Engineers.  Watershed 
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management  is  of  interest  to  this  agency  as  it  might  affect  the  welfare  of 
the  fish  and  wildlife  resources.  Although  there  is  a  federal  interest  in 
the  construction  and  maintenance  of  highways  which  receive  federal  aid,  the 
service  is  not  yet  authorized  to  investigate  the  effects  of  such  developments 
upon  these  resources. 


Bank  cutting  and  sliding  along  the  Van  Duicen  River  between  Carlotta  and  Eria^jcville. 
A  probable  source  of  sediment.  Note  seep  in  the  foreground. 


CHATTER  V.   WATERSHED  MANAGEMENT  NEEDS  IN  THE 
EEL  RIVER  BASIN 


Although  timber  harvesting,  grazing,  roadway  construction  and  the 
other  activities  of  man  in  the  Eel  River  Basin  have  been  suggested  as  the 
causes  of  watershed  damages,  it  is  a  fact  of  life  in  our  society  that  the 
complete  cessation  of  these  activities  is  not  a  valid  solution  to  the  problems. 
The  use  of  these  lands  and  waters  for  the  production  of  timber,  for  grazing, 
for  recreation,  for  farming,  and  for  access  for  these  purposes  is  perfectly 
legitimate,  and  the  people  of  the  State  have  a  valid  right  to  demand  that  the 
renewable  resources  be  utilized.   These  activities  must  continue  to  some  extent 
in  order  for  economic  and  social  benefits  to  be  realized  from  the  area. 

This  concept  has  been  paramount  in  the  development  of  the  resources 
of  the  Eel  River  Basin.  By  the  means  that  have  been  legally,  morally,  and 
practically  available,  those  concerned  with  the  development  of  the  resources 
which  returned  the  more  immediate  financial  rewards  oftentimes  furthered 
their  interests  at  the  overall  expense  of  society.  This  occxirred  in  part 
because  values  of  the  several  resources  were  not  (and  are  not)  measured  in 
identical  terms,  although  they  shoiild  receive  equal  consideration  in  benefits 
to  society. 

If  a  system  were  devised  to  compare  the  values  of  fisheries,  wild- 
life, recreation,  soil  stabilization,  sediment  control,  etc.,  and  assess  them 
in  a  coordinated  basin  development  scheme,  perhaps  certain  of  these,  naJced 
under  the  light  of  mathematical  analysis,  might  be  foiind  unworthy  of  retention 
and  desei-ving  of  sacrifice,  as  has  occurred  in  the  past. 

The  foregoing  considerations  present  seme  limitations  on  feasible 
actions  in  applying  wide-spread  watershed  management  measures.   However,  coupled 
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v<-ith  facts  concerning  the  resources  and  their  use  in  the  Eel  River  Basin, 
certain  conclusions  can  oe  made  from  a  \mtershed  management  point-of-view. 

It  will  be  evident  in  reviewing  the  ensuing  conclusions  and  watershed 
management  needs  that  man's  detrimental  influences  on  the  resources  of  the  Eel 
River  Basin  have  occurred  primarily  from  three  basic  factors:   (l)  ignorsince 
of  some  of  the  fundamental  relationships  between  soil,  vegetation  and  water; 
(2)  conflicting  interests  in  the  development  of  a  specific  individiml  resource, 
or  a  lack  of  incentive  for  a  "multiple- use"  outlook;  and  (3)  a  general  lack  of 
recognition  of  the  worth  of  soil  and  \<ra.ter  resources,  the  effect  of  use  on 
future  needs,  and  an  inability  to  assess  their  value  in  competition  with  the 
more  conventional  products  of  the  land. 

The  Eel  River  watershed  is  an  area  of  somewhat  unique  properties, 
problems,  and  values.  Its  soils,  climate,  vegetation,  and  geology  are  each 
individually  of  note,  and  have  unusual  facets  which  merit  attention.  Although 
land  use  in  the  Eel  River  Basin  has  not  been  inordinately  intense  in  character, 
moderate  impairment  to  the  basic  soil  resource  has  occurred  historically  from 
grazing,  and  more  recently  from  logging  and  roadbuilding.   These  problems  are 
not  solely  characteristic  of  the  Eel  River  Basin,  but  exist  in  a  number  of 
^vatersheds  within  the  State. 

The  occurrence  of  redwood  groves  of  international  acclaim  in  the  Eel 
Rivej"  Basin  has  attracted  world-wide  attention  to  California.   Because  of  the 
vinusual  values  found  in  this  \iniq_ue  resource,  especial  care  must  be  exercised 
to  preserve,  in  as  reasonable  a  manner  as  feasible,  this  asset. 

Runoff  in  the  Eel  River  BiSin  transports  sediment  at  a  rate  which 
could  conceivably  have  adverse  effects  upon  proposed  v/ater  development  schemes. 
This  sediment  is  derived  from  both  natural  and  man-aggravated  sources,  the 
proportion  of  each  being  largely  unknown. 

A  great  deal  of  information  necessary  for  the  intelligent  management 
of  lands  within  the  Eel  River  watershed  is  not  available.   Reliable  information 
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is  needed  on  the  occurrence  and  mechanics  of  landslides,  on  sediment  produc- 
tion and  transport,  on  land  use  effects  on  water  yields,  and  on  resident  soils 
in  unsurveyed  areas. 

There  is  some  question  that  the  present  system  of  resovirce  adminis- 
tration and  regulation  fully  recognizes  the  role  of  land  users  in  causing 
erosion  and  the  effect  of  the  resulting  sediment.  In  this  respect,  the  pre- 
sent system  appears  to  be  inadequate. 

Watershed  management  needs,  as  requested  in  the  authorizing  Senate 
Concurrent  Resolution,  are  implicit  in  the  specific  itons  that  follow.  The 
reader  should  be  cautioned  that  these  comments  are  by  no  means  exhaustive,  and 
that  they  represent  somewhat  idealistic  conditions  of  h\aman  behavior  and  control. 

1.  The  basic  need  in  watershed  management  in  the  Eel  River  Basin 
is  for  an  interested  public  to  be  well  informed  as  to  the  natvire  and 
occxirrence  of  erosion  and  sedimentation.  The  public  should  also  be  aware 
of  the  ways  to  achieve  good  watershed  management  and  the  beneficial  ef- 
fect of  such  management  on  the  economy.  There  should  be  mutual  appreci- 
ation of  goals  between  both  individual  or  private  interests  and  agencies 
representing  the  broad  public  concern.  Toward  this  end,  public  education- 
al activities  in  the  fields  of  resources  conservation  and  use  should  be 
supported  and  encotiraged  by  all  interests. 

2.  Becavise  of  the  lack  of  information  necessary  for  intelligent 
watershed  management,  research  in  the  mechanism  and  characteiastics  of 
landslides,  sediment  production  and  transport,  hydrologic  variations 
vinder  different  conditions  of  use,  and  water  yields  of  small  basins  will 
be  of  value,  and  should  be  supported.  Similarly,  the  Cooperative  Soil- 
Vegetation  Surveys  should  be  extended  into  Trinity  County  and  into  the 
National  Forest  Lands  in  Mendocino  County. 

3.  Periodic  inspections  of  the  advance  of  phreatophytic  vegeta- 
tion, especially  salt  cedar,  in  the  environs  of  the  Eel  River  should  be 
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made  and  analyzed.  Although  this  ripariein  vegetation  is  presently  of 
little  importance  in  the  Eel  River  watershed,  it  is  known  to  exist  in 
some  of  the  adjacent  basins. 

4.  As  a  great  deal  of  the  man- aggravated  soil  movement  is  attrib- 
utable to  the  inappropriate  location,  construction,  and  maintenance  of 
secondary  and  tertiary  roadways,  more  complete  and  enlightened  engineer- 
ing and  geologic  services  in  these  matters  wovild  be  of  value. 

5.  As  the  population  of  urban  commimities  in  the  Eel  River  Basin 
increases,  surface  sources  of  water  from  smaller  streams  will  undoubtedly 
be  developed  for  domestic  cons\imption.  Developing  communities  should 
consider  the  possibility  of  acquiring  tributary  lands  for  the  establish- 
ment of  municipal  watersheds. 

6.  The  increasing  interest  in  and  consideration  of  the  importaxice 
of  the  role  of  watershed  management  in  our  society  has  not  yet  occasioned 
a  clear  definition  of  the  responsibility  for  downstream  effects  upon  the 
upstream  user.  Specifically,  a  definite  need  exists  for  some  impetus 
for  the  timber  harvesters  (and  other  land  users  as  well)  to  recognize 
and  accoTint  for  these  consequences. 

7.  Because  of  the  unusual  problems  of  sediment  production  (both 
natural  and  accelerated)  in  the  Eel  River  Basin,  a  detailed  study  of  the 
possible  causes,  effects,  and  the  solutions  to  these  problems  should  be 
made  before  proceeding  further  with  the  development  of  the  waters  in 
the  Upper  Eel  River  or  the  Middle  Fork  Eel  River  for  export. 

8.  There  appears  to  be  little  need,  and  limited  potential,  for 
the  improvement  of  water  yield  through  the  management  of  snow  or  the 
judicious  removal  of  vegetation  in  the  Eel  River  Basin.  Some  benefits 
in  the  reduction  of  sediment  production  can  res\ilt  from  the  maintenance 
axid  rehabilitation  of  watershed  lands. 

-l40- 


BIBLIOGRAPHIC  REFERENCES 


Adams,  Frank,  Eving,  Paul  A.,  and  Huberty,  Martin  R.   "Hydrologic  Aspects 
of  Burning  Brush  and  Woodland-Grass  Ranges  in  California."  State  of 
California,  Department  of  Natural  Resources.  3k   pp.  19^7. 

Anonymous.   "History  of  Humboldt  County,  California,  with  Illustrations." 
W.  Elliott  Sc  Company,  San  Francisco.   218  pp.   l88l. 

'Redvood  Ecology  Project,  Annual  Report,  I96O."  Wildland  Research 
Center,  University  of  California  and  State  of  California,  Division  of 
Beaches  and  Parks,  Department  of  Natural  Resources.  hO   pp.  and 
App  endi  x .  i960 . 

Arvola,  T.  F.   "Forest  Practice  Regulation  in  CeQ.ifomia."  Journal  of 
Forestry,  60:12.  pp  872-6.  December  I962. 

Bowering,  Reginald,  and  Spies,  Kenneth  M.,  and  Neale,  Alfred  T.  and  Bullard, 
William  E.   "Watershed  Control  for  Water  Quality  Management."  Pollution 
Control  Council,  Pacific  Northwest  Area,  (Reproduced  by  U.  S.  Department 
of  Health,  Education,  and  Public  Welfare  Health  Service,  Portland, 
Oregon).   36  pp  I96I. 

Brown,  Carl  B.  and  Thorp,  Eldon  M.   "Reservoir  Sedimentation  in  the  Sacramento- 
San  Joaquin  Drainage  Basins,  California. '  United  States  Department  of 
Agriculture,  Office  of  Research,  Sedimentation  Section,  Special  Report 
No.  10.  69  pp.  (mimeographed)  July  19^+7 • 

Brune,  G.M.  "Trap  Efficiency  of  Reservoirs."  Transactions  of  the  American 
Geophysical  Union,  3^:3-  PP-  ^+07-18.  1953. 

Burcham,  L.  T.   'California  Range  Land."  State  of  California,  Division  of 
Forestry,  Department  of  Natural  Resources.  251  pp.  19:^7. 

Planned  Burning  as  a  Management  Practice  for  California  Wild  Lands.' 
Proceedings  of  the  Society  of  American  Foresters,  pp.  l80-5-  19i?9. 

Calhoun,  Alexander.   "Logging  Damage  to  Streams."  Paper  presented  to 
California  Fish  and  Game  Commission.  November  9,  I962. 

Cole,  D.  K.  "Future  Economic  Development  in  the  Eel  River  Hydrographic 
Unit."  Memorandum  Report,  State  of  California,  Department  of  Water 
Resources,  Northern  Branch.   5O  pp.   (typed)  I962. 

Dana,  S.  T.  "Forest  and  Range  Policy. '  McGraw-Hill  Book  Company,  Inc., 
Hew  York.  455  PP-  1956. 

Golze',  Alfred  R.  "Reclamation  in  the  United  States."  The  Caxton  Printers, 
Ltd.,  Caldwell,  Idaho.  kQo   pp.   I96I. 


-141- 


Hopkins,  Walt.  "Looking  Ahead."  "North  Coast  Water  and  Watersheds." 

Areata  Research  Review.  U.  S.  Forest  Service,  Pacific  Southwest  Forest 
and  Range  Experiment  Station,  Berkeley,  California.  13  pp.   (mimeographed) 
February  26,  1960. 

Hoyt,  William  G.,  and  Langbein,  Walter  B.  "Floods."  Princeton  University 
Press,  Princeton,  New  Jersey.  469  PP-  1955 • 

James,  John  W.   "Classification  of  Climate  in  California."  Office  Report, 
State  of  California,  Department  of  Water  Resources,  Meteorologic  Unit, 
33  PP'  (typed)  January  1959- 

Koogler,  John  G.  "Phreatophyte  Control  on  Irrigation  Projects  in  New  Mexico." 
Transactions  of  the  American  Geophysical  Union,  33 i 74-7 .  1952. 

Pacific  Southwest  Field  Committee.  "Natural  Resources  of  Northwestern 

California,  Preliminary  Report  Appendix,  Land  Use,  Land  Classification, 
Timber  Resources."   (Prepared  by  the  Department  of  the  Interior, 
Bureau  of  Reclamation.)  127  PP«  1956. 

Rantz,  S.  E.   'Surface  Water  Hydrology  of  Coastal  Basins  of  Northern 
California."  U.  S.  Geological  Survey,  Water  Resoiirces  Division, 
Menlo  Park,  California.   (Prepared  in  cooperation  with  the  California 
Department  of  Water  Resources).  97  pp.  I96I. 

Rice,  Salem  J.  "Geologic  Sketch  of  the  Northern  Coast  Ranges."  State  of 
California,  Division  of  Mines,  Mineral  Information  Service,  l4:l. 
January  I96I. 

Rockey,  R.  Eugene,  and  Bradshaw,  K.  E.  "Assessing  Soil  Stability  for  Road 
Location  on  the  Six  Rivers  National.  Forest,  California."  United  States 
Department  of  Agriculture,  Forest  Service,  San  Francisco.  39  PP«   19^2. 

Roy,  D.  F.   'Forest  Manageraent  Research  in  the  Redwood-Douglas-Fir  Region 
of  California  —  A  Siommary  of  Forester's  Views  on  Research  Needs." 
Miscellaneous  Paper  No.  2k,   California  Forest  and  Range  Experiment 
Station,  U.  S.  Forest  Service,  Berkeley.  17  pp.  I958. 

Sampson,  A.  W.  "Plant  Succession  on  Burned  Chaparral  Lands  in  Northern 
California."  California  Agricultural  Experiment  Station.  B\illetin 
No.  685.   144  pp.   1944. 

State  of  California.   "California  Culvert  Practice" (Second  Edition). 
Department  of  Public  Works,  Division  of  Highways.  II9  pp.  1944. 

"Erosion  Control  on  Cali f omia  State  Highways."  Department  of  Public 
Works,  Division  of  Highways.  71  pp.   1950. 

'Bank  and  Shore  Protection  in  California  Highway  Practice."  Depart- 
ment of  Public  Works,  Division  of  Highways.  423  PP-  I96O. 

"Geologic  Reconnaissance  of  the  Northern  Coast  Ranges  and  Klamath 
Mountains,  California."  Division  of  Mines  and  Geology.  Bxilletin  No.  179. 
i960. 

-142. 


"Pollution  Control  Responsibilities  of  the  California  Department  of 
Fish  and  Game."  15  pp.   (mimeographed)  I961. 

"State  Financial  Assistance  for  Local  Water  Projects  Under  the  Davis- 
Gmnsky  Act."  The  Resources  Agency  of  California.  33  pp.  I962. 

U.  S.  Forest  Service.  "Map  of  Vegetative  Types  of  California."  California 
Forest  and  Range  Experiment  Station,  Berkeley,  California.  January 
19i^5. 

"Forest  Statistics  for  California."  Forest  Survey  Release  No.  25, 
California  Forest  and  Rajige  Experiment  Station,  Berkeley,  California. 
63  pp.  195^. 


-li+3- 


PLATE   I 


TE     2 


STATE  or  CALirOWNIA 
THE  HtSOURCCS  AOINCY  OF  CALIFOHNIA 
DEPARTMENT  OF   WATER   RESOURCE* 

NORTHERN   BRANCH 

NORTH  COASTAL  AREA    INVESTIGATION 
1963 

LOCATION     OF 

EEL    RIVER    WATERSHED 


SCALE    OF  MILES 


> 


/ 


/ 


60  90 


i 


N 
i 


THE  RESOURCES  AOINCT  OF  CALIFORNIA 
DEPARTMENT   OF   WATER    RESOURCE* 

NORTHERN  BRANCH 

NORTH  COASTAL   AREA    INVESTIGATION 
1963 


JS     X 


/    i^ 


PLATE  3 


X  ^/ 

^7 

V 

r^^ — ^  -^^^iC^ 

/ 

\           '               /              ^^v 

/^ 

r 

/x           / 

*v     \  / 

>\jk 

'^V 

/^1AD-J)4_, 

-^*J/X 

^_/ 

/j>f^^>^ 

^ 

N^/    ^ 

/>A^<;' 

/K  ^ 

yV  A 

//         JS^ 

s\ 

y\           ^      /^\J^^ 

/T,^ 

♦  '^^"V''            M 

^ 

^"&^ 

Vs-   " 

~     V^^^^^yC^. 

*/y' 

/^^<g=^^^^ 

\  VP^^*f^B^ 

v^^f 

^^ 

\  j^     ly 

T> 

^\  /^ 

^•% 

/             ^^  '^' 

■p- 

M 

o 

**     \    y 

/  >^-Xi^ — ^/^°'' 

.>-^ 

Ay   Cx/* 

\>/      ^  " 

'' 

c 

^-"^ 

.e.V~- 


^ 


iRi-jr^ 


''^>< 


vN 


f 


\ 


J^^^^ 


/y// 


THE  RESOURCES  AGENCY  OF  CALIFORNIA 

DEPARTMENT   OF   WATER   RESOURCES 

NORTHERN   BRANCH 

NORTH    COASTAL   AREA   INVESTIGATION 
1963 

DISTRIBUTION   OF   PRECIPITATION 

EEL    RIVER    WATERSHED 


Plate  4 


STATE  OF  CALIFORNIA 

THE  RESOURCES  AGENCY  OF  CALIFORNIA 

DEPARTMENT   OF    WATER    RESOURCES 

NORTHERN   BRANCH 

NORTH    COASTAL   AREA    INVESTIGATION 
1963 


GENERAL  GEOLOGY 

EEL    RIVER    WATERSHED 


SOLE    or    HILCS 


"^ 


/0/^~kS' 


s  .// 


X 


V. 


-^y    v^ 


>v// 


V/ 


/•^ 


^ 


>  Nlr) 


[y/. 


•<£ij 


K 


><y 


r. 


^aV 


'^^i^: 


\ 


^--3' 


/<5 


'  / 


[ZZ]' 
IZZl' 

CD 


^^<-5!^5c:»J'^ 


\ 


THE  RESOURCES  AGENCY  OF  CALIFORNIA 

DEPARTMENT   OF   WATER   RESOURCES 

NORTHERN  BRANCH 

NORTH  COASTAL  AREA  INVESTIGATION 

1963 

CLIMATIC     CLASSIFICATIONS 

EEL    RIVER   WATERSHED 


STATE    OF    CALIFORNIA 

THE   RESOURCES  AGENCY  OF  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 

NORTHERN   BRANCH 

NORTH    COASTAL    AREA    INVESTIGATION 
1963 


DISTRIBUTION    OF  VEGETATION 

EEL    RIVER    WATERSHED 


SCALE   Of  m.lES 


\ 


^  A 


A 


X 


"^ 


7/ 


•s  ,/ 


^ 


^  ""^ 


^ 


v: 


]^. 


Ya 


\'^<^ 


A/  ^v  / 


^./'g 


t 


IZXi 


u 


"%. 


>< 


V 


/ 


^    /n 


^■o-' 


'<^^ 


\ 


I    QOl      I     SURFtCIAL    DEPOSITS;  IP 

I     Oil     I    LANDSLIDE  DEBRIS 

I     OT     I     SEDIMENTARY   ROCKS   AND   SEDIMENTS; 


I     ■"    I    SEOl^ 


[^^ 


NCISCAN    GROUP;! 


flhlClSCAN    GROUP, 


K 


ULTHAMAFIC    ROCKS. 


i/ 


THE  RESOURCES  AGENCY  OF  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 

NORTHERN  BRANCH 

NORTH    COASTAL  AREA    INVESTIGATION 
1963 

GENERAL  GEOLOGY 

EEL    RIVER    WATERSHED 


PLATE  6 


STATE    OF   CALIFORNIA 

THE   RESOURCES   AGENCY  OF   CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 

NORTHERN   BRANCH 

NORTH    COASTAL    AREA    INVESTIGATION 
1963 

POSSIBLE  WATER   PROJECTS 

EEL    RIVER    WATERSHED 

SC«lE   Of  MILES 


\            ./ 

/            Xx 

/A    y 

^Xx^y 
/   ;^ 

XXa 

o 

■^A^-AX 

X  TA 

//    A  /     ;  A 

X'    ^K^^                     ^ 

X   ^X_^   ^""^Z 

A     "^A 

/  AA>, 

"  -^A  A  ^^  /    / 

rV  A\       " 

iX 

a: 

/ 

s 

AX 

aX^  x^ 

A     /M/'^A,  VT^ 

'  /   A   /  ^  \i 

X_     \  /  Av^CS 
A^^~'^-  \  "^-.  /i 

A<^ 
^^ 

Xx* 
aXa 

/ 

S 

/X    A^^  X  //\/^aA 

/  ^'  AX       Ax    /   X  A  ■^-~  X  "^    Xa 

VA     /     /A        //"?  #\  /               X     /    ^  /  A      A        X 

N.XeX^XX'^X        Xa    An    X/     'A 

^Xx  IVX      ^    /  XV     ^  ♦x       AX 
IFXaA  wV    ^^1^  /CAa  /  /  iX/  A/ 

)  ^^^x:;o  / 

A  /  A>X^^                                     i^ 
><£/  1  ^=o_wX''''^^X  Va^              ' 

V  //n/A 
A  X"".^ 

A.  ,^  A    A.  A 

(^/X'^'/^'\ 

xx^ 

1 — 1 ....... 

A      /'/fA^ 

^X^^^X^^c^ 

c 

^^ISx 

'^  X 

LEGEND 

A 

£7 

/          /■             J      ^         A/        /^^^^^^X 

.,    \          ^^y^^-T-ciX^y   J^      X"^       y<C                                              THE  RESOURCES  AGENCY  OF  CALIFORNIA 
^^/)                          /^\       A?       A                                           DEPARTMENT   OF   WATER    RESOURCES 

^^A,^     A                 ^^C                                           NORTH    COASTAL    AREA   INVESTIGATION 

S                           XA^<V^*        ^^                  DISTRIBUTION   OF  VEGETATION 

c/*"                  ^^^A^^A  '                                      ^^'"    "'^^^    WATERSHED 

? 


f^ 


THIS  BOOK  IS  DUE  ON  THE  LAST  DATE 
STAMPED  BELOW 


RENEWED  BOOKS  ARE  SUBJECT  TO  IMMEDIATE 
RECALL 


JUN  6     1961 

UCD  LIBRARY 
DUE  JUN  6    1970 

.)UE  M 12  19^^ 

JUL  1  0  1980 
R  EC's.) MED 


JUL  23  1998 

A0G0  5  1998 

RECEIVED 

AUG  0  7  1998 

PSL 


LIBRARY,   UNIVERSITY  OF  CALIFORNIA,  DAVIS 

Book  Slip-25hi-6,'66(G3853s4)45S 


N5  482523 

•^alifomla.     Dent, 
of  Water  Resources. 
Bulletin. 

PHYSICAL 
SCIENCES 
LIBRARY 


TC8?h 
C2 
A2 

no,  136 
apox. A 


ill  ' 

3  1175  00575  030C 


LIBRARY 

UNIVERSITY  OF  CALIFORNIA 

DAVIS 


Call  Number: 


Jalii'orniaT     Dept. 
of  Water  Resources, 
Bulletin. 


TCd2h 
C2 
A.2 

no. 136 
appx.A 


